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EXAMINATION OF THE EYES. 


LECTURE I. 


INTRODUCTION. 


GENTLEMEN :—I have hardly need to call your attention to the 
importance of the visual apparatus, when viewed from the stand- 
point of physiology. In this department of medical science it has 
always occupied a high place. You will more fully understand 
the extent and importance of the rôle it has played in our science 
when you call to mind that all the tissues of the body are repre- 
sented in the eye and its accessories, 

We ought, therefore, to find in these parts all the pathological 
alterations which are liable to occur in the various tjsdkes of the 
body. And so we do find, not only a large nu of general 
diseases, but many affections of other So gans as well, 
reflected, in one way or another, in the eye. 

The facility with which the visual or can be examined 
enables us, frequently, to discern th ae ifestations of a morbid 
condition which would soon affect¥ergans as yet intact, or which 
are only affected in a degree ngot &#the time appreciable. 

A few instances will nae meaning clearer :— 

The anatomical TRG to speak, of the visual apparatus is 
apparent at a glance 

We have, in the grst place, the osseous tissue represented in 
the orbital Wale The connective tissue abounds in all its various 
forms; as ar adipose tissue, forming a bed for the eye to rest 
in; as% c tissue in the sclerotic and the sheaths of the optic 
mete NNO in a homogeneous form in the membrane of Des- 
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- cemet, the hyaloid membrane, the limiting membranes of the retina, 


the internal layer of the choroid, etc.; and yet further, in a form 
special to the eye it constitutes the cornea; nor should we forget 
that the vitreous humor is derived from the same blasto-dermic 
membrane. 

The epithelium is neither less abundant nor less various in its 
forms. As the pavement variety it covers the anterior and 
posterior surfaces of the cornea and the iris, and the anterior 
capsule of the lens. It is scarcely necessary to mention cartilage, 
and muscular tissue of both the striated and non-striated variety. 

Again, the nervous tissue is distributed to the eye in very 
great profusion. In classifying the organs of the body, we must 
assign the eye a first rank when we consider that, of the twelve 
cranial nerves, four are designed especially for it, and two others 
send branches to it. Six pairs of nerves, therefore, are required 
in its service: the optic (second pair), the motor oculi communis 
(third pair), the patheticus (fourth pair), the abducens (sixth pair), 
the trigeminus (fifth pair), and the facial (seventh pair), not count- 


ing the numerous filaments of the sympathetic. 


Moreover, these nerves appear under all p an e forms, as 
fibres, cells, ganglions and retinal tissue—th nderful terminal 
expansion of the optic nerve. O 

How many different diseases can 9 these divers tissues I 
cannot now undertake to enume Hey will suffice to call your 
attention to some of the gener ections in which the eye may 


take part. 

In serofula, for cane know that one of the most frequent 
external signs of th hsis is a swelling of the lids, accom- 
panied with re d ulceration. But aside from this ble- 
pharitis—whiclXhgs nothing of a special character, and resembles 
the other npous manifestations of scrofula—we find, very fre- 
quently aS 
whi whe noticeable only on account of their frequent occurrence 
j » isease, while others have, beside this, a specific significance. 


ese subjects, other affections of the eyes, some of 
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Among the first, we. mention conjunctival and corneal phlyc- 
tenulæ, and among the latter interstitial keratitis. It is a matter 
of no small importance to know, for example, whether the ulcera- 
tions of the cornea which we find so frequently in children of a lym- 
phatic temperament require, in addition to the treatment of their 
general condition, a carefully carried out local treatment, in lack 
of which irreparable damage is liable to be done. You have seen 
many of ‘these cases of leucoma of the cornea in the clinics, 
which, when once they are formed, constitute an incurable defect. 

Other affections attack, by preference, the fundus of the eye, 
where we can readily discern their presence. The anemias, what- 
ever be their cause, are readily detected by the ophthalmoscope, 
in the decoloration of the optic papilla. While in Zürich, I 
saw a peculiar form of anemia which Professor Biermer has called 
pernicious, and which is characterized by the presence of multiple 
retinal hemorrhages. 

It is to our learned teacher and friend, Professor Horner, who 
has done so much in applying the facts furnished by ophthal- 
mology to general medicine, that we are indebted for Al discovery 
of the ophthalmoscopic appearances of this affectj S 


Tuberculosis can, in certain cases, even wh presence can- 
not be demonstrated in the lungs, be dia Dey rom the presence 
of tubercles in the choroid. I have seen cases where the 


ordinary medical examination left tHE )aBnosis uncertain between 
a meningitis and a typhoid trate other disease. When the 
ophthalmoscope had revealed to Me tubercles in the choroid, there 
could be no longer a "D t we had to do with a tubercular 
meningitis. Q 

Even rachitis, wigs attacks only the osseous system, has its 
manifestation in \heJeye under the form of zonular cataract. 

It is syp iGyhowever, which makes its appearance in the eye 
under the Qs various and most characteristic forms. We have 
it as WS gummata of the iris, retinitis syphilitica simplex, and 
neu iin 


itis accompanying gummy tumors of the encephalon. 
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We have also that form of keratitis called parenchymatous, 
which is so rebellious to treatment, as a product of the hereditary 
form of the disease. 

While speaking of gummata of the iris it would be well to call 
your attention to another disease which produces tumors analo- 
gous in appearance, and yet of a nature entirely different. I 
allude to a special form of leucemia in which we find, at the same 
time, an hypertrophy of the cervical ganglions and the parotid 
gland, keratitis punctata and yellow tumors of the iris. These 
tumors leave no trace of their existence after absorption, while 
the gummata destroy all the tissue of the iris in which they have 
their seat, with the exception of the posterior pigmented layer. 

But of all the organs whose diseases are liable to affect the eye 
we must place the brain and spinal cord first. 

You are aware that the diseases of the cerebral nervous system 
often produce in the organ of vision troubles which are either 
purely functional, or accompanied with lesions objectively appre- 


ciable. 
Among the first class we cite, as the most ine paralysis 
of the ocular muscles, either extrinsic or intrinsiq@ap he sphincter 
of the iris and muscle of accommodation. 

We frequently find strabismus, irreg Oy of the pupil and 
other symptoms accompanying a nu affections of the brain 
and its meninges. The same m aid of those perturbations 
which the peripheric or contral tions of the retina present, as 
regards acuteness of vision the perception of colors. Restric- 
tion of the field of visio omata, and hemiopia in particular, 
are all symptoms wIt Q great diagnostic value, in so far as 
they often assist specifying the lesion present in the brain, or 
in localizing its Ka 

Encephale ections are also liable, as we have sajd, to bring 
about c in the fundus of the eye that can be examined by 


th almoscope. 
Q inflammation of a meningitis, for example, may be propa- 
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gated directly along the optic nerve to the retina, and sometimes 
even to the vitreous humor. 

Tumors, which increase the intra-cranial pressure and that of 
the sub-arachnoidal space, cause, through the inter-vaginal space 
of the optic nerve, a stasis of the veins of the retina, serous and 
hemorrhagic exudations in that membrane, engorgement of the 
optic nerve, with strangulation of the papilla with its consequences 
(choked disc). 

In a less degree the increase of the intra-cranial pressure may 
manifest itself by a hyperæmia of the papilla, so that the papilla 
becomes, in a measure, a page on which we may read the varia- 
tions which the intra-cranial pressure undergoes. 

There are, furthermore, certain diseases of the heart which are 
manifested through a pulsation of the central vessels of the retina. 
Bright's disease has often been recognized through a retinitis of a 
special form when the existence of albuminuria had not yet been 
demonstrated. 

Then, too, there are parasites to be found in the organ of 
vision, whose presence, when revealed by the op Imoscope, 
establishes often the nature of an affection previous etermined, 
and of which they are the direct cause. 

It would be easy to multiply examples eN 
cataract and retinitis, the dyschromatop xO 
the instances we have cited are tN 


se are diabetic 
jaundice, etc.; but 
show the importance 
of a knowledge of the elements Sf ophthalmology, particularly 
that portion of it which treats ode examination of the eyes, and 


the service it may render e those among you who will leave 
to specialists the treat, ocular affections. 
We think we are nted in saying that as external objects 


are pictured upo& the interior of the eye, the eye, in its turn, 
becomes a mira, as it were, from which is reflected what is going 
on in the ingey r of the body. 

Bu 1 Qithalmology has become, within the last twenty-five 


year exact science, it is not alone on account of the interest 
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it has universally excited, but more particularly because we have 
been enabled to subject the eye to the most thorough and accurate 
examination as regards its tissues and functions. 

I remember that, at the beginning of my medical studies, one 
of those impatient spirits of young Russia said to me, “ We must 
not deceive ourselves. Medicine does not merit the name of 
science, it is pure empiricism.” 

These words made a deep impression upon me, because they had 
a tendency to dampen the enthusiasm with which my new studies 
had inspired me. 

Afterward, when I came to frequent the clinics, I will not say 
that I fully realized the truth of the remark of my friend, but I 
must say that the manner in which medicine was yet studied did 
not leave it entirely without a foundation in fact. And in 
glancing back over the history of our art we see that purely 
empirical medicine is not yet so antiquated. 

What is it, then, that has given a soul to the dead body of 
empiricism? To what shall we attribute the impulse which has 
ended in the creation of scientific medicine? To thithat medi- 
cine has been willing to profit by the teachings Sisir and 
physics. It is chemical analysis, histological ysis, percussion, 
auscultation, thermometry, the use of RO struments as the 
spirometer, the sphygmograph and t 
cation to clinical investigation of nO us methods and instru- 
ments of chemical and papi cine that, placing medical 
study on a scientific basis, hasyretrfodeled it as an art. 

But you may ask, vias ee essential advantage of all these 
means of examinati Ci s this, that we are thus enabled to 
express T res and by curves and diagrams, the 


oscope, ənd the appli- 


forms and functięns)of the various organs of the body. 

As a proe Gh this tendency of modern medical thought, I will 
instance tKe)fact that it was a physician who established the law 
of S of forces and the indestructibility of matter— 
the 


principles at the bottom of all actual science. 
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We can to-day not only estimate with great exactness the 
value of an aliment, the heat and work which it can furnish, but 
we know how to utilize these facts according to the need of the 
organism, just as we determine the quantity of combustible mate- 
rial required by a machine to furnish a given amount of force. 

The examination of the urine has become, thanks to chemical 
analysis, one of the most scientific means of diagnosis. 

We can now determine exactly the position, relations and 
dimensions of many organs of the body about which we had, in 
former years, but the most indistinct ideas. 

We now determine the variations in the temperature of the 
body, not in a general way, as formerly, but up to the fraction of 
a degree. The characters of the pulse are no longer judged by 
the sense of touch, more or less delicate, of each individual prac- 
titioner, but they are recorded in their most minute details. 

These methods, and many others that could be mentioned, have 
given medicine an honorable and legitimate position among the 
sciences, because they substitute for simple approximations or 
guesses the most certain methods of Srna for the 


variability of individual sensations the ene, gures. 
Now, no other organ in the body is so w apted for the 
application of the exact sciences as on This is why the 


study of the function of the eye, ay n only within a very 


recent period, has become the most developed department 
of physiology. And for the s eason the treatment of eye 
diseases, based as it usually ay upon a certain diagnosis, aided by 
the accessible position of a sa is the most efficacious in the 
whole range of SAS 

It is the diagng eo rt of ophthalmology with which we shall 
occupy ourselves is course of lectures, that is, we shall study 


the means Gpnethods of examining the forms, functions and 


diseases 9 () apparatus of vision. 
N nce of the examination of the eye in a healthy and 
i 


disea 
= 
oe 
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condition—the metrology of the eye, as we call it—is of 
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very recent date. It is not more than thirty years since we were 
content to establish the fact whether the patient could see or not. 

In the latter event two grand classes were distinguished—amau- 
rosis and amblyopia—which were differentiated thus: in ambly- 
opia the patient saw nothing, but the physician saw something ; 
in amaurosis neither the physician nor the patient saw anything. 

Under the name amblyopia were grouped all those visual 
troubles produced by lesions appreciable by the naked eye, such 
as leucomata of the cornea, occlusion of the pupil, etc. On the 
other hand, all those troubles which had their seat in the interior 
of the eye, such as retinitis, choroiditis, atrophy of the optic nerve, 
etc., were classed under the head of amaurosis. 

The opinions respecting refraction and accommodation that were 
held in those days seem almost incredible to us now. The action 
of the dioptric media of the eye was for physicists themselves the 
subject of most curious conjecture, while the physician was greatly 
perplexed by questions which to us are the most simple, such, for 
instance, as relate to the use of spectacles. Who can tell how 
many of the incurable cases of myopia which we RS now are 

nts ? 
The ideas prevalent regarding the movem f the eyes were 


due to the improper use of these most useful inst Gy 


not more advanced. An evidence of which lamentable results 


of s0 many of the old operations f CQismus. How many of 


the afflicted are we now able to @elew, who would formerly, for 
the want of proper means of Cross have been abandoned to 
their fate ? 
It is to an Englishm mas Young, a man of exceptional 
SO that we are indebted for the first 
important work } line of examination of the organ of vision. 
But his views Ler far in advance of his time (he lived at the 
end of thes and the beginning of the present century) that 
they fọ ither comprehension nor acceptance at the hands of 


bine poraries. 


y as reserved for Helmholtz to rediscover the works of this 


learning and intelli 
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English savant. But it was this great genius himself who, by 
his own labors, really founded scientific ophthalmology, the 
department of metrology in particular. With his ophthalmometer 
he laid the foundation of physiological optics, with his ophthalmo- 
scope that of medical optics. 

Availing himself of these newly-discovered facts, Donders, the 
renowned physiologist of Utrecht, was enabled to expose, with a 
clearness and precision without parallel, the laws governing 
refraction and accommodation, and to apply them to the demands 
of practice. It is only since the publication of his classical work 
on the “ Anomalies of Refraction and Accommodation” that we 
have had any clear ideas respecting myopia, hypermetropia, 
astigmatism and presbyopia, and have been able to correct, in a 
rational manner, the different forms of ametropia, and thus give 
to a large class of patients a means by which they could pursue 
their work with satisfaction and comfort. It would be a gross 
injustice, however, to pass over the names of those who have 
extended the work begun by Donders— Javal, MacGillavry, 
Giraud-Teulon, Knapp, Nagel, Mauthner, Green, Toye, Couper, 
Dyer, Thomson, and many others. Xo 

During this time the ophthalmoscope, ning Qe? 
specially by the school of Grafe and by J iO derwent a series 
of modifications, all tending to en 


into practice 
its value. Donders 


Giraud-Teulon gave relief to ophthalmoscopic image by 


applied it to the measurement of A t the fundus of the eye. 
an examination possible by al persons at the same time. A 
number of other HA g to successive modifications and 
applications of the i ey ent. 

I have myself thgafed of the enlargement of the ophthalmoscopic 
image, and oh G9 correct appreciation of the size of the objects 
observed. O 

Sn K rnisheg, in his test-types, the first scientific method 
for MN etermination of the acuteness of vision. He has also 


adapting it to binocular = eA e Sichel and others rendered 
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enriched metrology with numerous instruments for measuring 
exophthalmus, strabismus, intra-ocular tension, etc. His metro- 
scope has had its use extended beyond the limits of ophthalmology 
into the domain of geometry. 

Our own diplometer, which is most useful in measuring the 
different parts of the eye, such as the size of the pupil, the 
reflections from the different refracting surfaces, etc., irrespective 
of the movements of the globe, has also found applications outside 
of ophthalmological science. 

Since the centre of rotation of the eye has been determined by 
Donders, J. J. Miller and others, the ocular movements have 
been worked out in a very exact manner by Hering, von Grafe, 
Javal and others. 

Aubert and Foerster have brought forward methods for the 
more exact determination of the perception of light and the limits 
of the field of vision. After some Russian physicians, Reich and 
Uschakoff, I have myself, by means of my perimeter, examined 
into the functions of the peripheric portion of the retina, the results 
of which have been applied with great RR e practice 
of general medicine. 

Aubert has also contributed largely to og Mowledgo of the 
physiology of the retina, and more recen ering has advanced 


a most ingenious theory on the pore of light, and of colors 


in particular. 

The examination of the perc na of colors has added much to 
ocular symptomatology, thang, to the researches of Dalton, Clerk- 
Maxwell, Leber, Stillin others. You will see at some of 
our future meetings i 
delicate function ‘Ore the service the knowledge thus gained 
has rendered to Cia medicine. 


means we have for examining this 


Thus, a ‘Bl but valiant army of ophthalmologists labor, 
without Ore, to increase and perfect the means of examining 
the, “ 


apparatus, in order to be able to treat most successfully 
= ange and those of the organism in general. 


OY 
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We shall see further on that a new step has been taken which 
had its origin in ophthalmology, but whose advantages extend 
throughout the entire field of optics. I allude to the recent intro- 
duction of the metric system into ophthalmology. 

The temptation is very great to treat the subject we have 
chosen in a strictly scientific manner, for in this, in fact, consists 
its great charm and value. But there is another manner of 
considering it which is at the same time attractive, and which 
will conform more strictly to the objects you have in view. We 
shall therefore leave to physiologists the task of working out those 
problems which are purely scientific, and only occupy ourselves | 
with those which are indispensable to our daily practice. | 

Those who desire to enter more profoundly into the subject will 
find the questions fully treated of in the chapter on Metrology | 
which we have published in conjunction with Snellen (Handbuch í 
der gesammt. Augenheilk., B. III), and even more extended in the 
work we are at present publishing in connection with Wecker 
(Traité Complet d’Ophthalmologie, Paris, 1878). 

We divide the subjects we shall treat of in thi 
lectures as follows: 1st. The objective general i iðn of the 
eye; 2d. Examination of the lids, conjunctiva, 1 al passages 
and all the other portions of the organ acgea’ible to the naked 
eye; 3d. Determination of the distance b a the two eyes, their 
height and protrusion; 4th. The noe of the eyes, particu- 
larly in their relation to strabis% ; Sth. Intra-ocular tension ; 
6th. Acuteness of vision; 7th. RYraction and accommodation; 
8th. Perception of colors ; ! Limits of the visual field and 
indirect vision; 10th. oscopy, including the examination 
of the dioptric Woke) eans of the oblique light. 

Of none of the $ i 


ngs should a physician of to-day be in 


ignorance. Yqgashould not leave them to the study of the 
specialists i u would bring to your work as general prac- 
tong Ge resources of modern diagnosis. 
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LECTURE II. 


EXAMINATION OF THE EXTERIOR OF THE EYE. 


GENTLEMEN :—In the examination of the eyes, as in the exami- 
nation of any other portion of the body, we should follow some 
systematic method. This is absolutely necessary if we would 
overlook nothing and attain our ends with certainty. 

We shall divide our examinations into objective and subjective, 
the first having for its object to make us acquainted with the eye 
in a state of functional inactivity, the second to determine the 
condition of the function of vision. 

The objective examination should begin with a general inspection 
of the patient at a distance, in which we note all thah we are able 
to observe as to his general appearance, and, i ache icular, the 
appearance of his eyes, as, for example, their Q, etc. 

Afterward, we examine all the parts ons visual apparatus 
which are accessible to the naked eye: tite GQ, lachrymal passages, 
conjunctiva, the form and size of Die, the cornea, sclerotic, 
iris, crystalline lens, and anteri Os of the vitreous humor. 
The examination is completed ©) he determination of the ocular 
tension. 

In the subjective ex ion, the various functions of the eye 
are passed in revie as movements, refraction and accommo- 
dation, acutene &¥ision, perception of colors, limits of the field 
of vision, the pesihery of the retina, etc. 

Finally; examination with the ophthalmoscope and the 
obliqu will show us the condition of the interior of the eye 
a dioptric media, and also give us definite ideas regarding 
N fraction. 
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Ophthalmoscopy will form a part of the objective examination ; 
but this always dazzles the eye to a greater or less degree, and 
renders the functional examination afterward somewhat less 
satisfactory. Moreover, the ophthalmoscopic examination requires 
a dark room, and it is better to make, at first, all those examina- 
tions that are possible by daylight. Moreover, the facts gained 
by subjective examination are very useful in interpreting the 
ophthalmoscopic appearances. These are sufficient reasons for 
reserving the ophthalmoscope for the end of our examination. 

First, then, of the objective examination of the patient. 

The first thing to which we should direct our attention is the 
general condition of the individual under examination. The eye 
is not a part of the body separate and distinct from the other 
parts, any more than ophthalmology is a branch isolated from the 
other divisions of medical science. 

When you have to do with an affection of the eye it is, therefore, 
advisable not to begin with an examination of that organ, but to 
first take a glance at the general aspect of the patient. 

Such a rapid general inspection will frequently el us with 
a clue to an ocular affection, the cause or origin ich would 
otherwise have escaped our notice. It will io eater security 

@ 0 


in the diagnosis, more assurance in the pregà f the patient, 


and more certainty in the direction of aa tment. 

For example, the form of the is often in direct 
relation to the conformation of theNeye. Now, the form of the 
eye is that which influences t Mrgely its refractive condition ; 
you can therefore judge, with? 
of the state of the retn y the shape of the head. 

It is known thé Gp rmetropia depends, in the majority of 
cases, on a want development of the eye in length, while 
myopia, on the ontrary, is due to an elongation of the eye in its 
longitudin Q In other words, long eyes are generally myopic, 
while aX yes are, on the other hand, mostly hypermetropic. 

AS is frequently pronounced in the appearance of 


reater or less degree of certainty, 
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the features of the patient. A flat or “dish” face, especially if 
the flatness affects the region of the zygomatic arches, is nearly 
always an infallible indication of hypermetropia. 

Myopia is indicated by characters of the opposite kind. 

In Switzerland, where myopia, hereditary or acquired, is very 
frequent, I have found two types of conformation of the cranium 
in connection with this state of refraction :— 

In the first, the cranium is elongated in its antero-posterior 
diameter; the face is narrow from side to side, while the nose and 
the middle portion run prominently forward, the eyes protrude 
almost entirely out of their sockets, and their anterior portions 
stand almost eyen with the bridge of the nose. In consequence of 
this, the palpebral aperture is excessively large. I have seen, for 
instance, in a myopic young woman, the movements of the eyes 
much restricted by the palpebral aperture, so great was the 
projection of the globe. She had already had done for her the 
operation of blepharo-phimosis. While in this first form the fore- 
head is retreating, in the myopes of the second category it is 
straight and broad. The tuberosities are strongl Yopa the 
nose flat. The eyes are sunken in a deep abil gm y, protected 
by prominent brows. 

A lack of symmetry in the face, one h t) ng flatter than the 
other, would lead us to suspect aniso &, a condition in which 

t 


one eye is myopic and the other E 
All forms of asymmetry of th 


opic. 
nium can cause astigmatism, 
that irregularity of the diopjajc apparatus in which the meridians 
of the cornea of the same ave different curvatures. 

For example, we fi RGhrvtines, faces in which the median line 
instead of runni Orally makes a kind of lateral curve; the 
line which joins middle of the forehead with that of the chin 
is thrown ¢ Ge side, and no longer coincides with the vertical 
correspo Q to the bridge of the nose. This form of asymmetry 
is e y manifested by a lateral curvature of the nose. 

iS; the result of one side of the face being more developed 
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than the other. The frontal tuberosities, the zygomatic arches, 
the maxillæ, are much more prominent on one side than on the 
other. 

Individuals with such a conformation of features are, nearly 
without exception, astigmatic, and very frequently anisometropic ; 
the refraction is then the stronger on the side which is the more 
fully developed, this eye generally being myopic, or at least 
emmetropic, while the other eye is, as a rule, hypermetropic. 

There is another circumstance which is also worthy of atten- 
tion: certain individuals have—it may be congenitally, or in 
consequence of an accident or disease, such as syphilis—a sinking 
of the root of the nose. This predisposes to catarrh of the 
lachrymal passages. Now, in these persons the nasal duct is 
usually very narrow and irregular in its course. It is well to 
bear this fact in mind, because the sound, which is the basis of 
all treatment of catarrh of the lachrymal sac, is inserted, on 
account of this irregularity, with great difficulty, and a very 
serious obstacle is thus thrown in the way of the management of 
these cases. This general appearance of the fea of the 
patient will, therefore, furnish us with very impor indications 
as to the direction in which the sound shall « roduced. If, 
for example, the osseous parts correspondi he lachrymal sac 
take part in the depression at the roo he nose, or if, aside 
from any pathological condition, the lr portion of the orbit 
is very prominent, you should giy Kye sound a strong curve, and 
in inserting it press not only } Q vertical direction, but make 
the free extremity sweep we the upper edge of the orbit, and 


finally direct the BEN 


ity toward the front. 
I mention this int y identally here because you will find it 
of great utility ae 

When the Gynt speaks to you do not neglect to take a glance 
at the ng? ou know that Hutchinson’s teeth, wedge-shaped, 
with atch edges, indicate, nearly without an exception, the 
existe of hereditary syphilis. On the other hand, indented 


rgctice. 
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teeth, striated horizontally, are suggestive of rachitis, which is 
frequently accompanied by zonular cataract. 

If it is important to observe the formation of the cranium in 
our patients, the examination of the skin is not less useful. 

Certain cutaneous diseases, pityriasis and eczema, for example, 
can affect the lids as well as other portions of the body. We 
treat them in the same way, but more carefully and with greater 
solicitude, because of the pernicious effects which they are liable 
to produce in such a delicate part; the swelling of the lids is of 
itself sufficient to interfere with vision, but consider the serious 
troubles which a faulty direction of the lashes, due to a long- 
continued inflammation of the edges of the lids, can bring about. 

Other affections of the skin, not directly implicating the lids, 
furnish no less important indications for a diagnosis of ocular 
troubles, 

If you find, for instance, on a patient, traces of a syphilitie 
eruption, and at the same time diagnose an iritis, you know 
positively that the iritis is of a specific character, and demands, 
aside from the ordinary local treatment (atropine Sy aes of 
light) an appropriate general treatment. 

Neither should you forget that there is a Qin, frequently, 
between diseases of the choroid and tho Ahe e skin, as has been 
pointed out by Horner. OX, 

An eruption, or cicatrices of ze nature, characterized 
by their unilateral position, an Someta to the distribution 
of a nerve, will frequently 1 Sr the recognition of an herpetic 
keratitis, which is ofte e with simple phlyctenular 
keratitis. These nN: ons of great similarity in appearance 
are readily disti d the one from the other by this, that the 
former, a E o limited distribution, is accompanied by 
anæsthesia’ phe cornea, and is exceedingly rebellious to treat- 
second, on the contrary, recedes rapidly under the 


n of calomel. Moreover, there is frequently found in 


EXTERIOR OF THE EYE. 25 


the first of these affections a diminution of the intra-ocular 
tension, which is absent in the second. 

You will be able to recognize, by the peculiar hue of the skin, 
that form of chronic iritis which frequently accompanies leucæmia, 
and the special danger of which is the production of punctated 
deposits on the membrane of Descemet and yellowish tumors on 
the iris. In this connection you will remember what I said 
about this form of disease in the first lecture. 

From these examples you will see how important it is to take a 
general survey of the patient, and how often it gives us a clue to 
diseases affecting the eyes. Whoever neglects to avail himself of 
these helps voluntarily deprives himself of one of the elements of 
an accurate diagnosis. 

Afterward you will proceed to a special examination of the eyes. 

And here, again, you should begin with a general inspection. 
You should first look at the two eyes at the same time, comparing 
the one with the other. Many grave lesions are liable to escape 
the notice of those who neglect this comparison and limit their 
examination to the eye which appears affected, or only at one 


at a time. RA 

Sometimes a slight divergence of one eye, opg henuaiity in 
the dilatation of the two pupils, is sufficient tode us into the way 
of a diagnosis of an encephalic affection. 

Tumors of the orbit or brain QX frequently a lateral 
displacement, or an cphain K sufficiently pronounced to 
be detected except by a comparative€xamination of the two eyes. 

A difference in the size Kv palpebral opening could not 


easily escape your notiog Py 
determine whether yo e to do with a ptosis in one of the eyes 


in all these cases take care to 


or an excess of sep(apion of the lids in the other. If it be a 
ptosis on one sidghe upper lid of that side cannot be elevated to 
its fullest xi) while that of the other eye will enjoy the full 
measurantws movements; in the case of extreme separation of 


the li eye will not be able to close itself completely, but, 
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the cornea concealing itself involuntarily under the upper lid, is 
directed upward. 

This phenomenon is most marked in the cases where the upper 
lid is retracted by cicatricial bands. We can otherwise make it 
manifest only by holding the upper lid up for some time; then, 
when the orbicularis muscle contracts we see the eye roll itself 
upward in search of the lid. 

Never neglect to make an examination of the lachrymal sac. 
For this purpose you must press lightly on it from below upward ; 
you will then see, if there be catarrh of the sac, a liquid, more or 
less purulent, issue from the lachrymal punctum. It frequently 
happens that ulcers of the cornea persist for an indefinite length 
of time, from no other cause than the long-continued contact of 
this irritating matter, of the presence of which we had not before 
a suspicion. This affection of the lachrymal passages has even a 
greater importance when we have under consideration an operation 
on the eye. It influences very materially the healing process. 
lids. I shall 


aritis ciliaris, in 


Next comes the examination of the edges of 


not say anything further in regard to blg 
addition to what I have already said. A would call your 
attention to the position of the lashes, #Nçħ it is of the greatest 
importance to examine. How maayNpitients do we see affected 
and for which they have un 1S e all sorts of treatment, where 
a displaced eyelash has the whole cause of the irritation. 
Never, therefore, ne fhis part of the examination. 


We pass on now, conjunctiva. We are too often satisfied 


with iritis, keratitis, and othey more serious inflammations, 


to simply give ce at the conjunctiva which covers the globe 
or the in race of the lower lid. This is not sufficient, 
because the“rfost important part to examine is the conjunctiva of 
the yy lid, and especially the upper cul-de-sac. It is there, 


€ quently nowhere else, that we find granulations which keep 
NS persistent conjunctivitis, which will be rebellious to treatment 
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so long as we do not discover the source of the trouble and attack 
the granulations themselves. 

The inferior cul-de-sac, or retro-tarsal fold, is quite accessible ; 
we have only to apply the tip of the finger to the edge of the lid, 
and then cause the patient to look upward while we pull the finger 
downward. ‘This everts the lid and brings out the cul-de-sac. 

For the upper lid we employ a similar proceeding, but there is 
greater difficulty in everting it, on account of the breadth and 
resistance of the tarsal cartilage. The patient should look down- 
ward while you seize gently, with the thumb and index finger, the 
edge of the lid; with the other hand you apply some resisting 
body, as the point of a pencil, or even the end of the finger above 
the cartilage, and make a rotating movement with the other hand 
around this body as a centre. The internal surface of the lid 
being brought to view in this manner, you can expose it still 
further by drawing the edge yet higher and pressing it against 
the edge of the orbit. 

It is astonishing what we sometimes find hidden away under the 


of the conjunctiva, but also of foreign bodies of dS A 
grain of sand, a bit of coal, whenever they fly into @9 eye, nearly 
always seek refuge here, and it frequently hdPypens that these 
small. bodies, remaining concealed in the o-tarsal fold for 


upper lid. It is not only the seat, by preference, of aaea 


months and even years, occasion an ob and painful conjunc- 
tivitis, which leads frequently to gaptiéry hypertrophy of the 
mucous tissue. Would you belie€e) at I have found in three 
different cases ‘“ eye-stones ” h the patients had introduced 


under the upper lids in o drive out a grain of sand ?* 


And what is still more ishing than the remedy, is that these 


gentlemen lived qufetly“for years with a purulent conjunctivitis 
which almost cgnypletely disabled them from work, and which was 


due entirely togthS bodies in uestion, encased in the hypertrophied 
y q yp P 


* Tt is NY in some portions of the United States to introduce, for this 
pee seed into the eye.— Tr. 


28 EXAMINATION OF THE EYES. 


papille. I have scarcely need to say that, in all these cases, a 
removal of the cause sufficed to effect a cure. 

We now proceed to an examination of the eyes proper, and we 
should first observe their general aspect. 

We should direct our attention successively to the distance 
between the two eyes, and to the difference in the height of the eyes ; 
afterward to the degree of their prominence—exophthalmus, and 
finally to the direction of the visual lines. 

The distance between the two eyes does not offer, in general, 
differences appreciable at first sight, and yet it is a question 
worthy of our attention. 

As an evidence of this I need only call attention to the part 
which this distance plays in the act of convergence. You know 
that in reading, near work, and the close examination of objects, 
we must make a convergence of the eyes. Now, you will easily 
understand that in fixing an object placed at a given distance, the 
more widely the eyes are separated the greater must be the effort 
at convergence. Thus, for different eyes fixing at the same dis- 
tance, the angle of convergence can vary more than ten degrees. 


You can readily conceive that this increase of , even if it 
amount to only a few degrees, may end in an ustion of the 
internal recti muscles, which, during the of life, have to 
produce this convergence. O 

For my part, I am thoroughly ae that the insufficiency 
of the internal recti, which ig s a frequent cause of the 
asthenopia of myopes, is due igNfaany cases to an excess of the 


distance between the eyes. 


This important nao hitherto been almost entirely over- 


looked, with the exc of some researches made by Mannhardt 
and Pflüger. Ipis\e) question which deserves a thorough study, 


for we will find ‘xf it many new and instructive facts, and an 
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the absence of an exact method for measuring the distance 
between the eyes. It is, indeed, almost a matter of impossibility 
to measure this distance with a graduated rule, because, what point 
shall we take to measure from? The centre of the pupil? In 
the first place, the pupil is not in the centre of the anterior part 
of the globe, but a little to the inner side. And further, the 
centre of the pupil can only be determined approximately, which 
would give chances of error. 

Should we take, as proposed by Horner, the edges of the cornea, 
the external of one side, the internal of the other? This method 
is no more exact than the preceding, because the edges of the 
cornea are frequently very unequal, and it is difficult to find the 
corresponding points on the same horizontal diameter. 

These methods have, moreover, a very serious defect in this, 
that we cannot apply the graduated rule to the points the distance 
between which we desire to measure, the bridge of the nose 
opposing a very considerable obstacle. 

In the last place, and this is an essential point, you should not 
forget that the distance which separates the corresponding points 
of the two eyes (centres of the pupils or edges of the 


represents the distance between the eyes in a single ition, and 
that is when the eyes are directed in lines par o each other. 
If we measure this distance in a conditio onvergence it is 
too small; if in a state of divergence it, great. 

Now, it is impossible for any on (ON not specially prac- 
ticed to that end, to give his eyes @NNrection absolutely parallel. 
There always remains a greater @, less degree of convergence, and 


the surgeon has no means dging whether the eyes of his 


patient are parallel or nd 
And the still Ses ena of this method is that it 

cannot be applied.to 

the very eyes ich it is most important to know the inter- 

ocular dista It is evident that these individuals never bring 

their e a state of parallelism. 


e eyes of those affected with strabismus, 


| 
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The employment of the graduated rule is justifiable only in 
those cases where we desire a simple approximative measurement, 
as when we want to determine the distance which should separate 
the glasses of spectacles. 

And even for these cases I would advise you to employ my 
double rule, of which we shall speak further on, or to proceed in 
the following manner :— 

Place yourself in front of the patient, and cause him to fix an 
object in the distance. This will give his eyes an essentially 
parallel direction. 

Then apply your graduated rule over the nose of the patient, 
and closing the right eye, sight, with the left eye over the point 
marked zero on the rule, to the centre of the pupil of the right 
eye of the patient. Afterward, closing your left eye and opening 
your right, you read off on the rule the point which is opposite 
the centre of the pupil of the patient’s left eye. It is, of course, 
understood that you should, during the examination, make no 
movement of your own head. 

In this manner you avoid almost entirely any parallax; but the 
method is not applicable to strabismic eyes, and adlreover, I do 
not propose it to you as perfectly exact. S$ 

Finally, it is not the inter-pupillary distaa&® With which we are 
concerned. What is it we really wan ae appreciate 
the work of the internal and extern Y muscles in the different 
degrees of convergence. We s AN Te address ourselves 
to the only parts of the eye ich remain fixed during their 
movements. ‘These fixed ts are the centres of rotation. 

For measuring the se which separates the centres of 
rotation I have devi A e following apparatus :— 

It is a box (Ff DA the form of a rectangle, of sufficient 
length, one which has two holes (o o’) for the eyes and a 
depressio anes the nose. 

RN he two openings is provided with a short tube in 
wh 


place the eye, and they can be separately closed by a 
aN slide from the inside. 
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A vertical plate divides the box into two parts; itis situated 
exactly in the middle of the distance separating the further 
extremity of the box and the line uniting the centres of rotation 
of the eyes. 


Fia. 1. 


The further extremity of the box is closed by ofa, which 
can be moved separately in a lateral direction ach of these 
is a vertical slit (2’ and 2). A similar s KY made in the 
middle of the central diaphragm. A coy iO. the whole. 

To measure the distance between K eyes we apply them 
to the anterior extremity of the b Keach one looking through its 
appropriate opening. By mea he slide on the interior, one 
of the openings, for W. one corresponding to the left 
eye, is closed, and the r Cay alone looks into the box. This 
eye can see nothing + as the slit in the middle and the slit 
on the left at TO 
axis of that ey Oye can bring this about, however, by a suitable 


r end do not correspond with the visual 


movement left movable plate at the further end of the box. 
We d in a similar manner with the other eye. 
y n easily understand that the distance (2’ t) between the 


> 
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two movable slits so placed will represent the distance (o 0’) which 
separates the two eyes, since the distances are bases of two equal 
triangles (Fig. 2). 

It is easy, however, by using the same principles, to arrive at 
the same result in another manner. ‘Take, for 


FIG. 2. 


instance, a rectangular plate. with a needle fixed 
in its centre, and at one of its extremities two 
movable needles; the eyes placed at the other 
extremity sight, one after the other, by the cen- 
tral fixed needle, at the needles beyond, moving 
the latter until they are covered by the central 
one. 

Thinking that itis easier for our patients to 
mark definitely the moment when they perceive 
a light, I usually employ the first form of appa- 
ratus. To this apparatus I have given the name 
chiasmometer, because it is based upon the cross- 
ing of the visual lines. 

To obtain greater exactness in this method we 

Aai or hair, 


illuminated space when entral slit coincides 
with one of the slits at the further end,X\ 

The great advantage of this m Q; that it requires neither 
a parallelism of the two eyes n&r &” simultaneous fixing of the 
same point. This enables it @ be applied even to strabismic 


eyes, and to cases where t, Qo is an insufficiency of the muscles. 


can place in the central slit a aN 
_ which should appear = e centre of the 


We will now consi methods for measuring the displace- 
ments which the ey, y suffer, either in height or in an antero- 
posterior directiQn.y These displacements are due most frequently 


to tumors greping in the orbital cavity; there are also encephalic 
tumors whch may give rise to them. It is these displacements 
of thay hich furnish the most precise indications as to the 
grow) or decrease of the tumor. It is, therefore, not sufficient to 
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demonstrate the existence of a displacement, but it is necessary to 
measure its degree, in order to fully appreciate the changes it 
may undergo. 

It is generally easy to recognize differences in the height of the 
two eyes. It usually suffices to let the patient hold the head 
perfectly erect, when, in moving the eyes, the affected: one will 
appear to be restricted in its movements in the direction opposite 
to that of the displacement; a tumor on the lower wall of the 
orbit will restrict the downward movements and displace the eye 
upward. 

In order to approximate the degree of displacement we hold on 
a level with the pupil of the unaffected eye a rule perfectly 
horizontal, and estimate the number of millimeters which the 
pupil of the other eye is displaced above or below this level; if we 
want to be more accurate we hold another rule perpendicular to 
the first, on which we measure the extent of displacement 
precisely. 

In those cases where the vertical displacement is so slight as to 
escape our notice there is a subjective symptom which will not 
fail to furnish evidence of its existence, and that is @ ae 

Diplopia is called forth whenever there exists th€@gast difference 
in the height of the two eyes, and it is Src the more 
troublesome because the double images cO&\b€ united, if at all, 
only with the greatest difficulty. oe direction a 
strong contraction of one of the ri, 
head, suffices to reéstablish singleQjsion ; here it is not so, and it 


is frequently the diplopia ye brings the patient to the 


a slight rotation of the 


surgeon. 

In such a case it sh © determined whether the diplopia is 
due to a total dfsplteement of the eye, or whether it is a 
consequence of ey ope muscular paralysis. I say incom- 
plete, becaus deviation which follows a complete paralysis 
will nev €eXconfounded with a total displacement, and vice versa. 

Let N uppose, for example, that the left eye of a patient 
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appears higher than the right. The patient sees double, the 
image of the left eye being lower than that of the right. Is there 
a total displacement of the left eye, or an incomplete paralysis of 
the inferior rectus, in consequence of which the anterior portion 
of the eye is directed upward ? 

If it be a displacement of the globe, the diplopia will persist 
when we have elevated the point of fixation; it will diminish, on 
the contrary, more and more, and finally cease, at a certain eleva- 
tion, if it be a paralysis of the inferior rectus. 

In the latter case, moreover, the image of the affected eye will 
not only be below the other but drawn toward the other eye and 
inclined in its upper part toward the left side, which would not be 
the case in a total displacement of the globe. 

We will see in future lectures that complex symptoms, analogous 
to these last, accompany other muscular paralyses ; these symptoms 
do not exist in displacements of the globe. 

We should add that a tumor, an exostosis, for instance, need 
not displace the eye, in one direction only. In the majority of 
cases, we shall have, independently of the displacement, vertical 
or lateral, also a protrusion of the eye of a greate less degree. 

The protrusion of the eye is a symptom YQ) ore important 
than the other forms of displacement. 

It is, in the first place, a more cons Kt) phenomenon, because 
the anterior portion of the orbital og is the only direction in 
which the globe can recede mae e increase of volume of the 
tissues surrounding it. 

We find, therefore, protrugyn as a principal symptom in abscess, 
periostitis, hyperostose ors, cysticerci of the orbit, etc., and 
we find it especiall NZ; 

The protrusi the eye, moreover, is of prime interest, on 
account of t nicious effects which it entails upon the cornea 
and other G, 


asedow’s disease (exophthalmic goitre). 


ons of the eye. 
In Ow’s disease, for example, the exophthalmus frequently 
atiane o such a degree that the lids no longer suffice to cover the 


S 
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cornea; this latter, then, begins to ulcerate, to dry up, desquamate, 
and the trouble ends frequently in its total destruction and a 
complete loss of vision. 

We can measure the protrusion approximately, by taking, as a 
point of departure, the external edge of the orbit, and determining 
the distance which the cornea of each eye extends beyond it. For 
this purpose we employ a graduated rule, which is applied hori- 
zontally against the external wall of the orbit, and observe on the 
rule the point corresponding to the apex of the cornea. 

It is evident that this method is not very exact, because we are 
not always certain that we sight the cornea at a right angle. 
We can avoid this error by using my double rule. 

This small instrument is composed of two rules divided in 
millimeters, fixed parallel to each other at a distance of about one 
centimeter, and in such a manner that the perpendicular lines 
marking the divisions of the rules shall correspond exactly. 
We apply the zero point of this double rule against the edge of 
the orbit and sight the apex of the cornea across it. If the two 
corresponding divisions on each rule and the apex of cornea 
are in a line, we are certain that we have sighted an a angle 
to a line perpendicular to the cornea. 

This method suffices in the majority of cas & as it measures 
easily with the exactness of one half a mil{Nfftter, can replace all 
such instruments as protrusiometer hthalmometers, etc., 
which have been invented to medeure exophthalmus, and which 
I do not think it necessary to desduibe. 

There is a condition, ho Qr, where this method cannot be 
applied, viz., where the Q): taken part in the process which 
produces the exophth . The orbit cannot then be taken as a 
point of departure(foy measurement, and can no longer be com- 
pared with thatGos the other side. But there is one point that 
bl remains rw ame, and that is the bridge of the nose. 


wesw Oreiro find the distance the bridge of the nose is in 
advan the apex of the cornea on each side. This plan of 
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measurement is, however, not so simple as the preceding, because 
we can apply the graduated rule neither on the bridge of the nose 
nor on the cornea; it is therefore necessary to sight the two points 
at a distance. 

The amount of protrusion gives us no knowledge of the nature 
of the tumor. We endeavor to obtain some idea of this from the 
resistance offered by the globe to the finger in pressing it into the 
orbit. 

For this purpose, we apply the hands to the temples, while 
with the thumbs we make light, but increasing, pressure on the 
two eyes. In this manner we can easily ascertain if the affected 
eye gives way under the pressure as much as the other, or if it 
retains its position in the orbit, or if it eludes the pressure, and in 
what direction. 

Exostoses, tumors of very great consistency, it is evident, do 
not allow of much movement on the part of the globe, while 
serous exudations into the orbital tissue, and even abscesses, are 
quite compressible. 

If the eye gives way always in the same direction under the 
pressure of the finger, we can be pretty certain ta) there is a 

oN walls in the 
way. 
f Snellen, by which 
usion and reducibility of 


tumor of considerable consistency on the 


direction opposite to that in which the eye 

I will not describe here the instru 
we measure at the same time mD, 
the eye. I would refer you fors escription of the instrument 
and the manner of using it tùàbur work on WMetrology.* The 


sensibility of an educated is generally sufficient in practice. 


* Handbuch der cen Ceigeni, B. iii, and Wecker et Landolt Traité 
Complet d’Ophthalmo, TO) 


om. i. 
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GENTLEMEN :—Having now determined the position of the 
eyes, we turn our attention, next, to their direction. 

Unfortunately, we have not time to study thoroughly the 
physiology of the movements of the eyes. Some knowledge of 
this subject is, however, essential to a proper understanding of 
the pathological derangements to which they are liable. 

You know that the eye is moved by six voluntary muscles. 

These muscles, taking their origin mostly from a tendinous ring 
around the optic foramén (Fig. 3), pass over to the globe of the 
eye, some directly, others after reflexion, and become attached to 
the sclerotic, each by a broad, flat tendon. 

Four of them, which go directly from the optic ue to the 
globe of the eye, have received the name of recti r@@gcles, and are 
distinguished, according to their positions, ectus wmternus, 


rectus externus, rectus inferior and rectus smpefior. 

A fifth muscle, the superior eh © has like the foregoing, 
from the optic foramen, but, aitor see ng along the inner and 
superior wall of the orbit, is refl@@jed through a tendinous ring 
at the superior and anterior ip@@y edge of the orbital cavity, and 
passing backward, is aaor the upper and outer portion of 
the globe. N 
The sixth, the oy oblique, arises from the anterior and 
inner part of these erior wall of the orbit; it passes under the 
globe, towar é temple, and is inserted into its outer and 
posteri 


The NY superior, rectus inferior, rectus internus and the 
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obliquus inferior receive their nervous supply from the same 
source—the motor oculi communis (third cranial pair); the 
superior oblique and rectus externus each receives a special nerve, 
the former the patheticus (fourth pair), the latter the abducens 
(sixth pair). 


The action of all these muscles is to turn the eye around a point 


FIG. 3. 
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called the centre of rotatigą@tituated on the antero-posterior axis 
of the globe, fourte meters behind the cornea and ten 
millimeters in fron XN e posterior surface of the sclerotic, in the 
emmetropic eye{ ant” corresponding to the point of intersection of 
the axes of rgtation of the muscles of the eye. (See Fig. 3.) 
From tie Points of insertion it will be readily seen that these 
six G form three pairs of antagonistic muscles, each of 


wh s composed of two muscles turning the eye around the 
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same axis, but in opposite directions. Thus, the rectus internus 
and rectus externus turn the globe inward and outward about a 
vertical axis. 

The axis of rotation of the rectus superior and rectus inferior 
(dd Fig. 3) is situated in a horizontal plane; it is not, however, 
strictly transversal, but forms, with the visual axis, an angle of 
about 67*degrees, the nasal extremity being in advance of the 
temporal. On this account these two muscles, apart from their 
principal action in elevating and depressing the cornea, have an 
effect to turn the eye slightly inward. 

The axis of rotation of the superior and inferior oblique 
(00 Fig. 3) is likewise in a horizontal plane, but its direction is 
much more oblique than the foregoing, since it makes, with the 
visual axis, an angle of 38 degrees; its external or temporal ex- 
tremity is in advance of its inner or nasal. These two muscles, 
therefore, incline the cornea outward, to a considerable degree, 
at the same time that they direct it, the first downward, the second 
upward. 

In a normal condition these muscles, with the exceptidn of the 
internal and external recti, never act singly, but Heo in 
divers manners for bringing the line of visien hto different 
positions. ES 

Thus, to look directly upward the Sk ua and obliqguus 
inferior are united in action; to loo tly downward, on the 
contrary, requires the combined achn of the rectus inferior and 
obliquus superior. In this combinkedn the deviation inward which 


would be caused by the rectgéperior and inferior, when acting 
singly, is counteracted hy opposing action of the obligui. But, 
even when a single m suffices for any direction of the visual 


axis, there will be nQne}the less a simultaneous contraction of all the 
other Ma NS to maintain the eye in the position which 
it occupies. (IS tension of the muscles of the eye is, moreover, 
perma iN on section of all the muscles the globe is seen to 


advanc&geveral millimeters. In all cases every movement of one 
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eye is normally accompanied by a simultaneous moyement on the 
part of the other. 

We will complete these preliminary physiological remarks by 
adding that in the investigation of the movements of the eye we 
take, as a normal point of departure, a position of the eyes which 
corresponds to a minimum of innervation of their muscles. In 
this position, which is called the primary position, the visual 
lines are directed straight in front, parallel to each other, and in 
the same horizontal plane. 

It is the office of the muscles of the eye to direct the two eyes to 
the point of fixation in such a manner that the image of the object 
fixed shall fall simultaneously on the macula lutea of each eye ; 
or, in other words, to secure single vision with the two eyes. 

All departures from this rule indicate a derangement in their 
function. 

All disturbances, therefore, in the movements of the eyes 
manifest themselves by the impossibility to direct the two eyes 
together to the point of fixation. This is manifested, on the part 
of the patient, by the impossibility of simple binogular vision, 
with the subjective symptoms of asthenopia and he on the 
part of the surgeon by the deviation of the ey e s 


Whenever, therefore, a patient presents elf having his eyes 


turned from their normal position, tha $ to say, not directed 
together toward the object fixed, te Xp Rowing questions present 
themselves for solution, and theifxanSWers fix the diagnosis :— 


Ist. In what direction is the@viation ? 


2d. Which is the ASA 
3d. What is the d e) the deviation % 


4th. To eya ca SS the deviation due? 
In order to Koaplity the study of these questions, and at the 
same time bo Gap f full extent of their bearing, let us take an 


page O 


nt comes to you and you find that the two eyes do not 
the same point. You should first ask yourself, In what 
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direction is the deviation? To take the most common instance, 
is it an excess of convergence or of divergence? It is an 
excess of convergence when the lines of vision or the visual 
axes cross in front of the point of fixation; it is an excess 
of divergence when they cross behind it. It is easy to determine 
either of these conditions. By causing the patient to fix an object, 
as the tip of the finger, for example, we see immediately whether 
the eyes converge too much or too little. In the example we 
have taken, let us suppose that the visual lines cross in front of 
the object fixed: the strabismus is convergent. 

We must now determine which eye it is that deviates. In other 
words, an excess of convergence being demonstrated, to which eye 
is it due? A variety of cases may present themselves. 

In the first place, the convergence may be produced either by 
a paralysis of the external rectus, or by a spasm of the internal 
rectus ; the latter, however, being extremely rare. 

Or, without a loss of mobility in any of the muscles there may 
exist a disturbance in their relative movements, a condition in 
which both visual axes are never directed to the sameypoint, but 
are always crossed in front of the object, whichevezXeye is fixed 
on it. This is called strabismus concomitans. @ his case the 


field of excursion of each eye is not mining only displaced 
a certain number of degrees inwardly or okiyardly. 

Finally, strabismus may be only cons The centres of the 
cornea which guide our eae is matter, or rather the 


corneal axes, may converge or GyEerge, while the visual lines 
cross at the point of fixation.@phis is possible for the following 


general rule, coincide AN the axes of the cornea, but form with 


reason: Even in the 3 eye the visual lines do not, as a 


them an angle whichis called the angle a. You can readily 


understand thag ghis angle may be larger or smaller in different 


individuals. ©) 


we 


y way of parenthesis, to say a few words concerning 
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the angle a, of which you hear too frequent mention in ophthal- 
mology not to have your ideas made definite in regard to it. 

The angle a, as we have said, is the angle formed by the 
optical axis and the visual axis (Fig. 4). 

The optical axis, in a dioptric system accurately centred, is the 


Fie. 4, line æ a which passes through the optical cen- 
ve tres of the system, and is perpendicular to its 
| | surfaces. On the optical axis are situated the 


cardinal points, among others the foci, and the 
nodal point which represents the optical centre 
of the system. In the eye this optical centre is 
found in the posterior portion of the crystalline 
lens at k (Fig. 4). 

The visual axis is the line which unites the 
point fixed ( V) and the macula lutea (m). This 
line necessarily passes through the nodal point, 
and if the yellow spot were perfectly centred— 
if it were found on the optical axis—the visual 
axis and the optical axis would cqincide. All 
objects fixed would then be on tical axis ; 
there would be no angle a, oN 


o . . 
S ifn not, as a rule, found on t ical axis; conse- 


e macula is 


quently this latter onl cides with the visual 


az 


axis at the nodal | and forms with it the 


angle a, the apex of which is th point. 
In the great majority of caf he yellow spot is situated to 
the outer side of the optic Bis; the anterior extremity of the 


visual axis is therefore on the inner side of the optical axis. 


In this case, we gives ign + to the angle a and call it positive. 
This PU the macula may be so great as to produce 


in certain cages angle a of 7° or even more. This is the case 
par iolar Aypernaropia In emmetropia it is smaller, gen- 


erall “LON ° to 4°. 
YY: eyes have a smaller angle a, and in high degrees of 
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myopia the yellow spot approaches the optic nerve to such an 
extent that it sometimes passes beyond the optic axis and is 
found on the inner side. In this case, the anterior extremity of 
the visual axis is situated to the outer side of the optic axis, and 
the angle a is negative ; we give it, then, the negative sign —. 

These facts, worked out by Helmholtz, Knapp, Donders and 
Doijer, and demonstrated by all who have occupied themselves 
with ophthalmometry, coincide perfectly with analogous facts which 
I have observed in my measurements of the distance between the 
papilla and macula lutea. I have measured the distance in 100 
eyes during life, and have found a mean of 3.9 millimeters for the 
emmetropic eye, a greater distance for the hypermetropic eye, 
and a smaller for the myopic*. M. Dobrowolsky has obtained 
similar results. 

You understand, now, how it is that when the angle a is 
positive the eyes appear to diverge, while they appear to converge 
in the opposite condition, notwithstanding the perfectly correct 
direction of the visual axis; the observer guiding himself by the 
centre of the cornea or the pupil through, or near to which, passes 
the optical axis. ~\ 

For the determination of the angle a we aO use the 
ophthalmometer, which is admirably adapted f@Ntħe purpose and 
very exact. But, as the instrument is ndt\etways accessible, I 
will describe a method much less eraoj ire simple, which we 
owe to Javal. 

The eye to be examined is plac€)mh the centre of a graduated 
arc like that of the perimeter. jhe eye is then required to fix a 
point (0) which correspon the apex of the arc, while you 
move along the arc a flame, the reflection of which you 
observe in the corngé. Q; a certain degree of the arc the reflection 
of the flame wil Sis in the centre of the cornea. You find 
this point b f wing the progress of the flame, the eye being 
directl r beneath it. hen this point is found we kn 

y ARs W p ow 


Qu d’ottalmologia del Prof. Quaglino, Milano, 1872, I. 
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that the flame is situated on the optical axis, since it is directly in 
front of the centre of the cornea. 

On the other hand, the visual axis of the eye passes through 
the point o, on which it is fixed. The eye being in the centre of 
the arc, the degree on which the flame is found measures the 
angle a. 

A very simple and exact method for determining the angle a, 
and small degrees of strabismus, has been lately published by our 
assistant, Charpentier.* The plan, in brief, is as follows: The 
deviating eye is placed at the centre of the perimeter. At 0, or 
on a line-with it, is placed a small flame which the patient must 
accurately fix. The observer now moves along the graduated arc, 
the flame remaining in its place, until he sees, with one eye, the 
reflection of the flame at the apex of the cornea of the deviating 
eye. The angle which is thus formed is double the angle of the 


deviation of the eye. 


In fig. 5, o CY deviating eye, which should, in its normal 
position, be Gepcted toward L, but is now directed toward A. 
The angle@p is the angle of the strabismus. The eye of the 
os ll see the reflection of the flame Z from the centre of 


* Annal, d’ocul., Jan.-Fev., 1878.. 
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the cornea at B, when the ray Le will be reflected from the cornea 
at an angle equal to the angle of incidence LcA. This last angle 
is almost the same as the angle ZoA, which is the angle of the 
strabismus, and which is half the angle LcB. 

Let us now return to our patient. We must first determine 
whether the strabismus is real or apparent. For this purpose we 
simply cover, with our hand, one of the eyes of the patient (or we 
can use with great advantage, for the same end, a piece of ground 
glass, which, applied close to the eye of the patient, allows the 
surgeon to follow the movements of that eye, but through which 
the patient is unable to see). We then cause the patient to fix 
attentively the forefinger of the other hand with the uncovered eye. 

Now, while he fixes the finger closely we cover and uncover 
rapidly the other eye. If the eye first covered does not move 
while under the glass, or when the cover is removed, and sees 
the finger fixed, distinctly, the strabismus is only apparent; it is 
due to the angle a. Already under the hand or glass, that eye 
was directed to the object fixed by the free eye. We had 
attributed to a deviation of the visual axis that which wh due to [i 
the convergence of the corneal axes. $ 

In cases such as we have chosen (convergent Eem appa- 
rent strabismus will be exceptional, the dj & nce of the optic i 
axes being, as we have seen, much m mon than converg- 
ence. In our case, as soon as Gy the hand from the 
covered eye it makes a moveme ran: in order to fix the 
finger. This shows that TOR nd it had been directed too 
far inward. The strabismus erefore, real. 

This fact being ogee we have now to determine whether 
we have to do with Ay ysis of one of the external recti muscles, 
or with a strabism neomitans. 

For this p e we repeat, successively, on each eye, the 


procedure j etailed ; we ascertain, by this means, whether the 
moron N ad ustment is the same for each eye, in which case 
it wi a strabismus concomitans; or whether the deviation 
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is more pronounced on one side than on the other, as would be 
the case if there were paresis. In the latter instance the side of 
the paresis will be that on which the eye deviates the less under 
the ground glass or hand; in other words, that which makes the 
least movement of readjustment. 

In our case, for example, the left eye deviates less than the 
right; it is, therefore, the one that is affected, and we have to do 
with a paresis of the external rectus on the left side. 

This is explained as follows :— 

The affected eye being directed, in a state of rest, too far inward, 
demands a contraction of its external rectus muscle to direct it to 
the object to be fixed. But, in order to produce that contraction, 
this weakened muscle requires an increased nervous impulse, 
which must be the greater in proportion to the degree of its 
paresis. 

Now, the outward movement of one eye is accompanied by an 
inward movement on the part of the other. The contraction of 
the left external rectus being associated with that of the internal 
rectus on the right side, and as this latter is keby, it will 
respond by a more powerful contraction. N 

Therefore, while the left eye, looking Oi an effort in 
an outward direction just sufficient to object, the right is 
directed so strongly inward as to di ik: line of vision to the 
inner side of the object fixed; w right eye looks singly, as 
it demands for its sound See nervous impulse less intense, 
the left eye will be deviated in ©. less degree. We can easily 
understand, then, that deviation, and consequently the 
movement of oe t, is greater for the healthy than the 
affected eye. 

We are thus ee to answer the second question: Which is 
the ee But our diagnosis will gain much in precision 


if we q ne, at the same time, the limits of excursion for each 


eye Pon properly, the field of fixation. 
oe this purpose we cause the patient to follow, with his eyes, 
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our finger, which we move to the right, left, upward, downward, 
to the furthest limits at which he is able to see it. 

We thus compare the degree of adduction and abduction which 
each eye is capable of, and ascertain whether these movements 
are normal, as they are in the case of strabismus concomitans, or 
whether they are limited in one direction, as they would be in 
paresis or paralysis. 

This is a rough means for determining the limits of the 
movements of the eyes, but more latterly I have been using a 
method in my clinic which enables me to measure, with a 
considerable degree of exactness, the field of fixation for each eye, 
both in healthy and pathological conditions. I put the head of 
the patient at the centre of the hemisphere represented on the 
walls by tangents (Fig. 8). The divisions are made in a hori- 
zontal and vertical direction, as well as in two intermediate 
directions. I cause the eye under examination to follow an 
object (test letters), which measures its minimum acuteness of 1 
vision, and which I move along the graduated lines. The patient 
indicates the points where it can no longer be seen distinctly. f 
This marks, of course, the limits of excursion for heey in the 
various directions followed. It is quite necess o use as an 
he details, and 
a candle, because, 


object one of which the patient can distingys 
not simply a piece of white paper or a fla 
in order to determine with exactness She of movements, we | 
must take as a basis the line of dget vision which falls on the | 
macula lutea. If we use indireckwision we are sure to obtain a 
field of fixation larger than Qa in reality. 
The measurement ca ey made by means of the perimeter 
and very small printe This plan is especially applicable 
to myopes. The fid gf fixation is recorded on the same diagrams 
as the field eS tsion (Fig. 24). This method of determina- 
tion is of lal importance when we have to do with the 
operati Oa By measuring, before the operation, the 
degree NN abisme and the contractile power of the weakened 
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muscle and its antagonist, and by repeating the measurements, 
after the operation, for some days, we can obtain valuable hints as 
regards the choice of an operative method and the amount of 
effect it is necessary to produce. 

The mean measurements of the field of fixation, in a normal 
condition are— 


Outward, 45°-50°. Inward, 45°. 
Upward, 35°-40°. Downward, 60°. 


In our case, we see that in making the patient look strongly to 
the right the pupil of the right eye is half hidden under the 
external angle of the lid, while in looking strongly to the left the 
external edge of the left pupil hardly reaches the outer angle on 
that side. As far as the power of convergence is concerned, it is 
preserved in an equal degree in the two eyes. 

When the eye does not follow the object of fixation in a certain 
direction, but remains motionless, there is evidently a complete 
paralysis of the muscle which moves it in that direction. If, on 
the contrary, the eye is able to follow it up to a cextyin point, as 

cue 
ion which it is 


in the case under consideration, the paralysis is 4 

When the eye arrives at the limit of the 
eapable of, we frequently see it affected 
ments. This nystagmus is due to Ss 
which, in a normal condition, a cdessory to the paralyzed 
muscle endeavor, but without aoe to supply its place. It is 
the two obliques, and possibl 


oscillatory move- 
act that the muscles 


me isolated fibres of the recti 
inferior and superior, whi oduce this rotatory movement. 

We are now prep np udy the third question: What is the 
degree of the strabi ? 

You have se at just now, in estimating approximately the 
deviation ye, eye, I took as the fixed point of comparison the 


commiss KY of the lids. We are accustomed to express the 
strati 


s by a linear measure which we note on the edge of the 


N we speak of a strabismus of 5 millimeters when the 
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point on the lower lid which corresponds, vertically, to the centre 
of the deviating eye is removed 5 millimeters from the point to 
which the centre of the pupil would correspond in a normal 
condition. 

You will easily see, however, that this is a method of measure- 
ment extremely arbitrary. In the first place, what is more difficult 
than to determine exactly the points on the lid which correspond 
to the first and second positions ? 

Then, again, it is evident that rotary movements, such as those 
of the eye, should never be expressed by linear measure. When 
we have to do with displacements of the eye in its totality, we 
may say, the eye is moved 5 millimeters upward, downward, to 
the left, to the right, or forward. But the movements of the eyes 
are not displacements en masse, as we well know; they are 
rotations around a centre which remains fixed. 

The expression of the excursive movements of the eye, as well as 
the limitation of such excursions, is given by the are which the 
eye has described, or by its corresponding angle, the apex of 
which is at the centre of rotation of the globe. | 

You can see what errors we are liable to wiid | 
this arc by its projection on a straight line. KO nd one day, 
we will suppose, a strabismus of 5 AARO me time after it 
is 10 millimeters ; would you say that i oubled? Certainly 
not. You all know that the Sede) équal arcs on a right 


easuring 


line tangent to 0° diminishes morggad more in proportion as the 
arcs approach to 90°, in such oe that, in the case we speak 
of, the rotation of the eye h re than doubled. 

Strabometry based Qis measure of displacement of the 
centre of the pupil j Air, a method radically wrong, and it 
is astonishing shit Gone should propose a linear strabometer. 

If we use a‘ekguated rule across which we sight at the centre 
of the pup) Q we use the edge of the lid, which is neither a 
straight nor an arc concentric with the excursions of the eye, 


or ~\ use the pretended strabometers, which consist of a 
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graduated disc having the curvature of the lids, we cannot hope 
to obtain a true measurement of the strabismus. 

If you want only an approximate estimation the naked eye 
suffices. If you want an exact measurement, such as a conscien- 
tious observation of the progress of the affection demands, you 
must determine the angle of the strabismus. 

I have defined this angle as follows*: The angle of the 
strabismus is the angle which the visual axis of the deviating eye 
forms with the direction which rt should have in a normal condi- 
tion. 

We can determine this angle either subjectively or objectively. 

The simplest manner of determining the angle of the strabismus 
is analogous to that we used in measuring the angle a (see Fig. 6). 

We employ the graduated arc of the perimeter, at the centre of 
which we place the deviating eye c, the arc lying in the plane of 
the deviation. In the case we have taken as an example, the 
plane will lie horizontally. We then cause the patient to fix with 
his two eyes a distant object O, situated on the central radius coO. 
This is the direction which the deviating eye sh have ina 
normal condition. What we have now to dete is the point 
x, at which the eye is in reality directed ; aks e ocx formed by 
these two directions is the angle of the tE us. 

In order to obtain this latter ay have only to determine 
the visual axis of the eye. This, h er, is by no means an easy 
matter. We, therefore, in pragaremsin content with the optical 
axis, which differs from the-former, as we have seen, only by an 
angle (angle a) which, in parison with the large angle of the 
strabismus, we can NY glect. We, therefore, as has already 
been explained, candle along the arc until it comes to the 
point x where eflection is in the centre of the cornea. We 
have then the optical axis. The method of Charpentier, 
dese GO page 44, is most admirable for low degrees of stra- 
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bismus. It does not answer so well as the foregoing in the higher 
degrees. 

If the eye is deviated upward or downward, we proceed in the 
same way, placing the arc vertically. 


FIG. 6. 


When the deviation is no}A# horizontal or vertical plane, but 
in an intermediate one, S e with considerable difficulty that 


we can determine ae se meridian of deviation. In this case 
we measure separaQly e horizontal and vertical deviation. The 
result is then .egpxessed as follows: the eye has a deviation of, 
say, 2° horiag@lly, and 10° vertically. 

This Wafer of proceeding is the more legitimate since we follow 
the N principle, as we shall see further on, in determining 
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subjectively the degree of the strabismus, and frequently even in 
therapeutics, by combining a tenotomy of the superior or inferior 
rectus muscle with that of a lateral muscle. 

After you have examined the deviation of the eye at a distance, 
it should be examined for the changes which it undergoes for near 
vision. For this purpose you simply bring the object O nearer, 
and proceed as before. 

We frequently see the degree of the strabismus change with the 
convergence, and this fact furnishes us with important indications 
for operative procedure. If we find, for example, that a convergent 
strabismus diminishes very much in near vision, we should be 
careful to guard against too great an effect in the tenotomy, which 
would expose the patient to the evils of a painful or incomplete 
convergence. 
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LECTURE IV. 


MOVEMENTS OF THE EYES (Conrinuep).—PRISMS. 


GENTLEMEN :—The objective examination, of which we spoke in 
the last lecture, is the only one possible in cases where the 
deviating eye has lost its power of vision. Where the power of 
vision is still preserved this should be followed by the subjective 
examination. 

The principal subjective symptom of paralytic strabismus is 
diplopia. The diplopia is due to the fact that the retinal image 
of the object fixed, which, in the unaffected eye is formed on the 
macula, falls, in the deviating eye, on another part of the retina, 
and is projected as if the eye was in its normal position. 

Let, for example, D (Fig. 7) be the right eye, an the left 
deviating inward. The centre of rotation is in ryphy macula in 
m; O is the object of fixation. The macula q right. eye is 
directed toward the point O; that of the WO: directed toward 


the point X. The image of O, ey 
latter eye at m, is formed at o, an eye S, which judges of 
the position of exterior objects as S was in the proper position, 
projects its retinal image o à e direction from which the 
luminous rays should come ©, a normal position of the eye, 
form their image in o. \@ 

In order to find PN direction we have, then, to suppose the 
eye returned to its ne direction, toward O. In this case the 
point m will b > in front of O; and o will be displaced at an 
equal angle be found in o’, and consequently the image will 
be proj in the direction o’ O’. The object fixed is really, 
ther Na by the left eye S at O’. It is at O’ that the 


eing formed in the 
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object should be found which forms its image, when the eye is 
normally directed, at o’. As this projection of the object is 
situated on the same side as the deviating eye, we call this form 
of diplopia homonymous. 


v 
The pereng Si takes place in strabismus divergens, when 
ated outward. The anterior portion of the eye 


Sý of the object fixed; the latter is, therefore, formed on the 


ne 
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temporal part of the retina. Since, in a normal condition, it is the 
objects situated on the opposite side which form their images on 
the outer portion of the retina, the image is projected in the 
direction of the nose, that is to say, to the side of the unaffected 
eye, and the diplopia is crossed. 

Hence the general law: The diplopia is always in the direction 
opposite to that of the deviation: strabismus convergens, 
homonymous diplopia ; strabismus divergens, crossed diplopia ; 
eye deviated upward, image below; deviation downward, image 
above. In the example which we have selected we will have, 
therefore, a homonymous diplopia. 

The diplopia is only noticeable by the patient, and causes him to 
seek advice, when the deviation occurs suddenly, in consequence 
of an apoplexy, for example, or in rheumatic, syphilitic, or 
traumatic paralysis, etc. When the strabismus is developed 
slowly, especially in anisometropia, or when there is a notable 
difference in the acuteness of vision in the two eyes, the patient 
soon learns to suppress the image of the deviating eye and to 
look oniy with the other, whether there be a Panino Nevistith 
on one side, or each eye fixes in succession. 


In these cases we sometimes bring out the di by covering, 
with a colored glass of a strong tint, the e ich is habitually 
in use, and cause the patient to look a flame of a candle 
placed at about two or three meters (O) . This method has, 
moreover, the additional advant of enabling us to control 


better the answers of the patiggt nce we always know to which 
eye to refer each image. 


In our case, S fil cover the right eye with a deep 


red glass, and the will say that he sees two flames, one, of 
the usual yellow oe. to the left, the other, red, to the right. If 
the diplopia eve immediately pronounced we ask him the color 
of the fla Qè sees; he will probably answer “red.” We then 
cover RONG t eye with the hand in order to draw his attention 
and. on the image of the left eye. By thus covering each 


56 EXAMINATION OF THE EYES. 


eye in succession you will soon find the patient observing two 
images. 

There are cases, however, where, the strabismus not being very 
great, the patient succeeds in uniting the double images for some 
time, and sees only a single red flame. 

You must not confound this single but binocular vision with 
monocular vision; because the flame seen by a single eye through 
the colored glass appears deeper in color than if seen by the two 
eyes together. In order to make the diplopia apparent we have 
only to place in front of the unaffected eye a prism, with its base 
turned upward or downward. The image is thus deviated 
vertically, and the fusion of this image with that of the other eye 
is made impossible. 

The patient being no longer able to correct the horizontal 
diplopia, we can measure the lateral displacement without any 
difficulty. 

The existence of diplopia being established, we now turn our 
attention to the determination of its degree. This is evidently in 
direct relation to the distance between the double whages. It is 
hardly necessary to say that this distance in Soe with the 


degree of the strabismus; the greater the deyg of the eye the 
more is the corresponding image removed that of the other 
eye. 


Moreover, we find the diplopia g fred) in the direction of the 
paralyzed muscle, and less in Sthe direction of the deviation. 
There is yet another method eo: determining which muscle is 
paralyzed. In our case xample, the distance between the 
double images will RES n proportion as we carry the object 
of fixation to the oD it will diminish, on the contrary, in the 
right half of the of fixation, and will cease altogether when 


the object cotgides with the direction of the visual axis of the 
deviating@y . The diplopia can, therefore, be made to serve as a 


me of the strabismus; only we must observe certain 
r ions, 
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In the first place, the diplopia varies, for the same deviation, 
according to the distance between the object fixed and the eyes of 
the patient; it increases and diminishes directly as this distance. 
You can easily convince yourself of this fact by producing an 
artificial diplopia by means of a prism. You will thus see that 
the two images approach to or remove from each other, as the 
object is approached to or removed from the eyes. If we would 
express the degree of the strabismus by the distance between the 
double images, it is necessary to state the distance between the 
object fixed and the eyes of the patient. 

This method is the one generally adopted for the measurement 
of diplopia. It is said, for example, “here is a patient who, at 
a distance of two meters, has a diplopia of ten centimeters; it 
increases toward the left and amounts to thirty centimeters at a 
distance of two and a half meters.” The diplopia for vision to the 
right, upward and downward, is determined in the same way. 
What strikes us at once in this manner of proceeding, is the large 
number of figures employed, and the confusion which they are 
liable to cause. But its principal defect lies in the fge\that we 
express the value of angles in linear eerily e have 
rejected linear strabometry in the objective exami ; we should 
therefore, for the same reason, reject it in A ive strabometry 
by means of diplopia. 

Here again we say: the line of visio iated to the right or 
left, not for so many meters, but nganan degrees. 

Again, we do not content ourgglVes with indicating the distance 
between the double eX measure, by the diplopia, the 
angle of the strabism AG 


already given, the apg the strabismus is the angle formed by 


ording to the definition we have 


the visual axis of deviated eye with the direction which it 


should normal} ve. 


Let us 72 er for a moment to Fig. 7. We place a lamp at 


O, at AN ce of three meters in front of the deviating eye S; 
oO is ise efore the direction which the visual axis should normally 


* 
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have. But the macula being found in m, mX is, in reality, the 
direction it has now. OrX is, therefore, the angle of the 
strabismus. 

The image of O which the eye S receives falls on o; and as we 
have seen, is projected in O’. In order to find this direction we 
have supposed the eye to be readjusted to its normal position; the 
macula will then be at o and the image in o’, having described an 
angle oo’ equal tomo. The angle O’rO is, therefore, equal to the 
angle OrX, the angle of the strabismus. Now, OO’ is the tangent 
of this angle OrO’; the distance between the double images is 
therefore the tangent of the angle of the strabismus, and conse- 
quently we can use it to measure that angle. For this purpose we 
have simply to reduce the tangent to its angle. 

I have made this reduction on tape for a distance (radius) of 
three meters. I place one end of the tape horizontally on a wail 
at the height of the patient’s eyes, in such a manner that the zero 
shall be in front of the deviating eye (e, Fig. 8). The patient is 
placed three meters from this wall. To the right and left of zero 
the tape extends in a right line three meters, which corresponds to 
the tangent of an angle of 45°. At these pojady the tape is 
doubled on itself at a right angle, and fixed i position on a 
chair or the adjoining wall. This, howeve CU a unneces- 
sary, since the field of fixation RS ds forty-five or fifty 
degrees gS 

In this manner we have the t @) e form of a rectangle, and 
on this are marked, at interv f five degrees, the points where 
the radii from the eye cut (a) tape. In other words, the divisions 
on the tape represent angents of the angles at intervals of 
five degrees, havin grenn at the place occupied by the 
affected eye. Wötħiñg is easier than to make this division. We 
have only Ne] angents to determine. That of 45° is equal to 


three me ength of radius. For angles greater than 45° 


we Legals to double the tape on itself at 45° and mark 


on À 
5 


ivisions corresponding to those already marked, because 
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of the perpendicular direction which this portion of the tape will 


occupy. 


For a radius of three meters the tangents are as follows :— 
26 cm. = 85° from 90°. 


FIG. 8. 
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Those from 45° to 90° are repeated in the reverse order, 
starting at 45° on the perpendicular portion of the tape. A 
second tape is fixed vertically to the first, along a perpendicular 
passing through zero. The divisions should be made upward and 
downward in the same manner as in the preceding. 

To further increase the exactness of my method, we can cover 
the wall with lines running horizontally and vertically through 
the points marked on the two tapes. 

The affected eye thus finds itself, so to speak, at the centre of a 
graduated sphere, and in moving the candle flame along the 
divisions on the wall we can always mark in degrees the direction 
in which it appears to the eye. 

The distance between the double images, indicated by the 
patient on the tapes, gives thus directly the angle of the strabismus. * 

Suppose, for example, that in our case we have placed the flame 
at the point 0°. The right eye, covered with a red glass, sees the 
red flame at 0°, while the left eye, deviating inward, sees an 
ordinary flame on the point of the tape marked 5°. The angle of 
the strabismus is 5°. Let us now carry the ups to the left as 
far as 20°; the red image corresponds to 20°, waa the image of 
the deviating eye falls, say, at 35°. We the that, under an 
angle 20° to the left, the angle of the stratis has become 15°. 
We follow the same course for deviatio the right, upward or 


downward. 
Naturally, the lengths of th ions increase from U° to 45° 
in such a manner that if in dj vision and in vision at 45° we 


have the same distance bgpyeen the double images, it does not 

follow that the angle o Q strabismus is the same in both cases ; 

it will be smaller NY second position, and the difference will 

still further wi as the angles pass 45°. Moreover, if the 

distance bet the double images increases when the eyes are 

turned la ee , it is not always a sign of an increase of the stra- 
a 


BRS t direction. On the contrary, even if the angle of the 


N * Landolt, de la Strabometrie Ann. docul. Juillet, 1875. 
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strabismus remains the same for all movements of the eyes, the 
diplopia must necessarily increase in all the directions of the field 
of fixation. In such a case we have to do with a true strabismus 
concomitans, and the increase in the distance between the double 
images simply corresponds to the increase in the tangents of the 
same angle. 

You thus see what an error we commit in taking for a direct 
measure of the strabismus the linear distance between the two 
images. 

We remark, finally, that our method of measuring the angle of 
the strabismus is in no way more complicated than the linear 
measurement. In this latter you must likewise use a graduated 
tape. Now, the tangent division is as easily made as the linear, 
since you have all your lengths calculated in the table which we 
have just given. The final advantage of this method is that it 
gives results which can be compared with those furnished by the 
objective measurement, and allows one to be controlled by the 
other. 


PRISMS. «O 


We come now to an important method for c ing, and at 
the same time measuring, the strabismus, is, the use of 
prisms. 

In looking through a prismatic glass(we) d that it produces 
an effect analogous to that of a devi of the eye, that is to say, 
it causes a displacement of KA ects looked at. It follows 
from this that, employed in trary sense, the prism would 

Cp the deviation of an eye. 


glass is explained as follows :— 


neutralize the diplopia c 


The action of a pri 
A luminous ray càgjħg from the point a (Fig. 9) and falling at 

b on a prism a angle of incidence a b d, is deviated toward 
at b, and crosses the prism in the direction b e. 


the normal, | 
It NS rism inclining from the normal to the point c, and 


pursu course toward the eye o in a direction ¢ o, very 


D 


2) 
we 


N 
QO 
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different from its primary direction a b. In order to see the 
point a the eye must be directed toward c, and a will then appear 
in a’. Therefore, when we look through a prism, the luminous 
rays being deviated toward its base, objects appear displaced 
toward the apex S. 


Fria.9. 


This displacement evidently increases with the index of refrac- 
tion of the substance of the prism, and with its principal angle (p). 
When the angle of incidence and the angle of emergence are equal 
the direction of the luminous rays in the interior of the prism is 
perpendicular to the line bisecting its angle; the aygle of devia- 
tion (d) is, then, for weak prisms, equal to half wh latter. 

The numbers inscribed on the prisms į Car boxes of trial 
glasses indicate their principal angles. PKN ism marked No. 4 
produces, therefore, a minimum devi of 2°, and so on. 

In order to show the LS risms in practice we will 
take, as an example, the one atkeady chosen, in which there is a 
convergent strabismus of the a) eye. The patient has a homony- 
mous diplopia, and SO ject fixed appears, for the left eye, 
displaced outward. Qy 


the opposite ‘© displaces the object of fixation toward the 


fsm with its apex directed inward has 


nose. 

Such 2 Grjsm, properly chosen, therefore, brings the image 
ERSA eye receives to its normal position, that is to say, it 
cod ‘the diplopia. In effect the macula is here displaced 

NA the image of the object falling to the inner side of it. 
oS 
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The effect of a prism with its base directed outward will be to 
turn the rays coming from the object in that direction, and make 
them fall on the yellow spot. 

By this means, the images of the object fixed being formed 
simultaneously on the macula of each eye, single and binocular 
vision is reéstablished. 

Whence we obtain the general law: The apex of the correcting 
prism should be turned in the same direction as that in which the 
eye 1s deviated; deviation upward, apex upward; strabismus 
divergens, apex outward, etc. 

The intermediate or oblique deviations can be corrected by 
single prisms placed obliquely ; but we prefer, in the determina- 
tion of the strabismus, to divide them into their two component 
parts, the one vertical, the other horizontal, and in their corréction 
to use two prisms with their apices directed in the corresponding 
directions. We have no need, then, to determine directly the 
inclination of the prism. You can readily see that it is also pos- 
sible to correct the diplopia by. holding a prism in front of the 
unaffected eye and directing the apex in the pa eae 
We, however, prefer to correct directly the deviati S , or to 
divide the correction equally between the two eyeg? 

The greater the deviation of the eye, an nsequently the 
more considerable the diplopia, the strong st be the prism. 
The angle of deviation of the prism bho , therefore, increase 
with the angle of the strabismus, aN garean the one should 
be a measure of the other, in such Ahanner, for example, as that 
a diplopia corrected by a p No. 8 (having an angle of 
deviation of 4°) should c @) to a strabismus of 4°. 

This method of DION strabismus is, indeed, the one quite 
generally employed. t, in the majority of cases, the value of 
the angle of pce determined objectively, is greater than 
the angle of Q io 

This S explained as follows: When, by the aid of a certain 


correc N 
OY 


n of the correcting prism. 


the double images are brought very close to one 


O 
we 


N 
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another, the tendency to single vision, so to speak, being awakened 
in the affected eye, it, makes (with its weakened muscle) a last 
effort to correct the remaining diplopia, an effort which an 
instinctive knowledge of its powerlessness to do it prevented it 
from attempting when the diplopia was greater. Thus, the angle 
of deviation of the correcting prism is always less than the angle 
of the strabismus, but it approaches the more closely to it the 
more completely the muscle is paralyzed. The prism is, therefore, 
not a means perfectly exact for measuring strabismus. 

Our trial boxes contain, generally, ten prisms, Nos. 2, 3, 4, 5, 
6, 7,8, 9,10 and 15. For those cases where No. 15 does not 
suffice we simply combine a number of prisms together, always 
giving their apices the same direction. The number of the prism 
thus obtained would, of course, be the sum of the several prisms 
employed. 

In order to produce, by a single instrument, a series of different 
prismatic effects, we superpose two prisms, of 15° each, for 
example. . When their apices are directed in opposite directions 
the one neutralizes the other; when they have the seme direction 
the one is added to the other, and they represent P ism of 30°. 
In turning the one on the other from the firs ition to the last 


we reproduce, successively, the action of e prisms comprised 
between 0° and 30°. We obtain the 
in opposite directions. This prin 
formerly by Volkmann, and mofe récently by Creétés, in Paris. 

Such an instrument is very È; to manipulate. The prisms, of 
a circular form, are m by the aid of two springs which 
terminate in the fr are controlled by a movable button 
pressed by the ings A graduation marked on its frame serves 
to show the redultgit action of the two prisms. 

We will this study with some remarks on the relative 
frequenc the paralyses of the different muscles of the eye, and 
the SS al laws presiding over the deviations which result from 
th 


result by turning both 
as brought into practice 
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The muscles which are the most frequently paralyzed singly, are 
the external rectus and the superior oblique, each supplied by a 
special nerve. The other muscles, internal recti, superior recti, 
inferior recti, and inferior obliques, all supplied by the motor 
oculi communis, are generally affected together, and are accom- 
panied by paralyses of other muscles supplied by the same nerve; 
the levator palpebræ superioris, sphincter of the iris, and muscle 
of accommodation ; constituting a very characteristic group of 
symptoms. We should say, however, that isolated paralyses of 
one of the muscles innervated by the third pair are not altogether 
rare. 

Grafe, whose authority on all points touching the troubles of 
motility of the eye is incontestable, has recorded, among 40,000 
observations of eye affections, 183 cases of paralysis of the muscles, 
and, among this number— 


105 pana yess (isolated) of external rectus. 


52 ea “ superior oblique. 
TOMES ee ees“Tectas interior. 
Qaod fs «superior. ~\ 
5 13 “u Yee Gs interni 
ce ce 6b og 7 3 
2 inferior ob 


by the paralyses of these different muscles ould refer you, for 
that, to the Chart to be found at the QS the volume. But as 
all these symptoms, however rene may be, are under the 
dominion of a few general oe Ch follow from what we have 


I cannot here enter into a detail of the 3 ymptoms offered 


been considering in this le , I will conclude by giving an 
exposition of them — 
A. In incomplete 2 Oi the deviation which the unaffected 


eye undergoes whi e affected eye fixes, is greater than the 
deviation of tha eBected eye during the fixation of the unaffected 


ow WWwhpaired motility and the diplopia increase in the 
direc ad f the action of the paralyzed muscle. This is why, in 
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carrying the object of fixation in the direction of the paralyzed 
muscle, the image of the deviating eye appears to fly in front of 
that of the unaffected eye, and vice versa. 

C. The image which the deviating eye receives is always 
projected in the direction of the paralyzed muscle. From this 
there result the following consequences :— 

lst. The image of the affected eye is always found on the side 
opposite to the deviation of the cornea, or inclined in the direc- 
tion the opposite of the pathological inclination of the vertical 
meridian. 

2d. In fixing with the deviating eye alone, the patient falsely 
estimates the position of objects. When the sound eye is covered, 
and he is required to quickly strike an object placed within reach, 
he invariably misses it, and his hand goes to the side of the object 
corresponding to the paralyzed muscle. In paralysis of the 
external rectus, for example, he always strikes to the outside of 
the object. This phenomenon is manifested in a very curious 
manner when the patient walks with the sound eye covered. 
When you ask him to walk quickly toward a certain point in front 
of him, at first he will go considerably to the NON 
pproaches near 


responding 
to the affected muscle, and afterward, when 


the object, suddenly turns toward it. This menon is explained 


by the increase of nervous impulse ssary for the paretic 
muscle, in order to fix the object p fopy Whence it comes that 
the patient judges the distancefyavéled over by the eye is much 
greater than it is in reality, Qi is to say, proportional to the 
nervous effort which the etre muscle puts forth to direct the 
eye to the object NZ e judges, therefore, the object to be 
situated to the o ide of its true position. It is, in part, to 
this cause tha wp can attribute the vertigo and the difficulty 


which certaidyatients experience’ in walking, especially when they 


have to d d steps. However, these troubles are due in part, 


alsen Q diplopia. 
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LECTURE V. 


MUSCULAR ASTHENOPIA.—TONOMETRY. 


GENTLEMEN :—I cannot leave the consideration of the move- 
ments of the eyes without speaking of certain visual troubles 
which, at first sight, would appear quite independent of muscular 
function, but which, in reality, are in the most intimate connection 
with it. 

A patient complains, for example, that his vision is fatigued 
very quickly ; in the evening, especially, he cannot read nor write 
for any length of time, because when he has read for a short while 
the letters dance before the eyes. If he attempts to overcome 
this faulty vision he is successful only for a time, and invariably 
experiences, in consequence, pain in the eyes and headg&pecially 
the forehead. We have, in a word, the condition w is*termed 
asthenopia. 

Your first thought would be that the pa {egy hypermetropic 
or presbyopic, since the complaints of G ients are difficulty 
in vision near at hand and the ee Se continue work for 
a length of time without pain. Thal use of these phenomena is, 


as you are aware, an error of accontmodation. 
But on examination you , on the contrary, a myopia, 
and frequently of a conie 


You can here excl presbyopia, because the patient, even 


degree. 


without an effort e accommodation, can see near at hand. 
You should now @ef a full and complete account of the symptoms 
of which t Nient complains. Ask him, in particular, if he 
does n imes see the letters double when the eyes begin to 
ache. W 


SÀ 
a 


e answers in the affirmative, as is usually the case, 
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your attention should be at once directed to the muscular system 
of the eye. 

There may not, however, be the least trace of strabismus. 

Nevertheless, cause him to fix an object, the forefinger, for 
example, with one eye, and bring it near the eye, the other being 
covered with the hand or a bit of ground glass, as in the 
examination of strabismus. You will now find, when the object 
is brought sufficiently close, that the eye under the hand or ground 
glass is deviated slightly outward. As soon as the eye is 
uncovered it makes a movement inward, in order to fix the object. 
In repeating the experiment on the other eye essentially the same 
conditions are found, and you have to do with a very common 
affection—an asthenopia caused by an insufficiency of the internal 
recti muscles. 

The frequency with which this trouble is met with is not at all 
surprising. There are few muscles in the human economy so 
constantly in action as the internal recti. 

All objects not situated at infinity demand for their fixation by 
the eye a convergence of the visual axes, requiring, of course, a 
greater or less amount of contraction on the pa he muscles 
in question. And the closer the object is ap or 
the amount of work required of them. Thi Accounts for the fact 
that the fatigue—the expression of thgWeebleness of the two 
muscles—is manifested especially qetdenear work; and also for 


ed the greater 


the other fact that it is most freyuértly met with in myopes. It 
is, indeed, in these that the Q ater convergence is required, 
myopes being obliged to all objects very close to the eyes 
when they wish to see istinctly, the reverse being the case 
with hypormetropa N% o generally fatigue their internal recti 
much less. 

For the same reason the asthenopia is felt more especially in 


the eveniyN cause the patients have already been using their 


BSA during the whole of the day. 
RYO does not suffice to determine the deviation of the eyes 


~~ 
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under the hand or ground glass; it is necessary to study it more 
closely and determine its degree. For this purpose we cannot 
use the objective mensuration, because there is generally no 
spontaneous deviation, and it is only manifest after considerable 
use, and in consequence of fatigue. 

We must have recourse, therefore, to the diplopia. But again, 
this does not manifest itself spontaneously, especially for vision at 
a distance. In order to produce it we place in front of one of the 
eyes of the patient a prism of about 15°, with its apex directly 
upward or downward. | 

We have already seen, in considering strabismus of low degrees, 
that the super-position of images produced by the prism renders 
their fusion impossible. So the patient abandons his eyes to the 
natural play of their muscles, and then there is made manifest, in 
the case under consideration, a crossed diplopia. In order to 
prove it you place before the patient a sheet of paper on which is 
marked a black dot on a vertical line. You cause him to hold 
this at the distance at which he habitually reads. 

The patient looking through the prism will, naturallgNgee two 
black dots, but not on the same vertical line; the lj e will see 
one of them to the right, and the right eye the ot, ne to the left. 

Crossed diplopia corresponds, as we have ò a divergence 
of the eyes. We seek, therefore, the pyi ich, held horizon- 
tally with its apex directed outward „adig brings the two images 
on the single vertical line. It Solely for the purpose of 
facilitating the judgment of th Qe as regards the position of 
the two images that we a vertical line through the dot. 
The patient has, then, Qis indicate the moment when the 
double lines are > super-posed. You should take the 
precaution not to Cor the lines so long that, with the. prism 
employed and theBistance at which the experiment is made, they 
touch each S r. The degree of insufficiency is determined by 

0 


+ 


the nugid< 
ing 


f the prism, held horizontally, which corrects the 
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In order to correct the insufficiency of the internal recti we 
seldom have need to make a tenotomy of one of them. It 
generally suffices to employ a prism, the action of which is divided 
between the two eyes. If we find, for example, the insufficiency 
is counteracted by a prism No. 6 held in front of one eye, we 
place in front of each eye a prism No. 3 with the apex turned 
outward. We can also give to the two surfaces of the prisms a 
concave or convex curvature, in such a manner as to combine the 
action of spherical lenses with that of the prisms. 


Fia, 10, 


A 


In the less Kuga cases, it will suffice simply to separate 
the concav sses of myopes. The myope will then look mostly 
ae A inner portion of the glasses, which will act as prisms 

ir bases turned toward the nose. 


a n En of the internal recti is found in hyperme- 
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tropes or presbyopes who wear convex glasses, we can produce, on 
the other hand, the same effect by approximating the glasses; 
the external portions of the convex glasses will act as prisms with 
their apices directed outward. An examination of Figure 10 will 
show at once the mechanism. 

We can easily obtain the prismatic effect by having the glasses 
so cut and fitted into the spectacle frame that the centres of the 
pupils shall fall to any desirable extent to the outer or inner side 
of the centre of the lens. We can thus attain the desired end and 
avoid the somewhat striking appearance which widely separated 
glasses present. 

When the insufficiency of the internal recti is greater than 15°, 
and when the patient has passed the age of infancy, we can 
remedy the error by a delicately performed tenotomy of one of 
the external recti, or even of both. But we must be on our guard 
and not give too much effect to the operation; we should the 
rather leave a slight degree of divergence than run the risk of 
a possible convergent strabismus. Under such circumstances we 
prefer the horizontal incision in the subconjunctival te y. 

We meet, sometimes, with an insufficiency of the nal recti. 
It is found nearly always in Aypermetropes. & much less 
frequent than that of the internal recti, a by consideration of 
it will not detain us, since it has the sam€ yymptoms, but in an 
opposite sense, as those we have bee ren ee The diplopia 
is homonymous, and in order to cpgXect it we must separate the 
convex lenses, which then represgyt Pfisms with their apices turned 
inward ; or, if we prefer, wee 


same direction. NY 
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The resistan ich the eyeball opposes to external pressure is 
called the t koeular tension, and is a condition which sometimes 


+ 


N t importance in diagnosis and in treatment. As an 


=i 


prismatic glasses turned in the 


instance glaucoma. You are aware of the extreme 
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gravity of this affection, which, requiring prompt surgical 
interference, is very frequently misunderstood, especially at the 
beginning of its course. Now, glaucoma is characterized by an 
increase in the tension of the eye, and if the surgeon neglects 
the examination of the state of tension he will not recognize the 
affection in its first stage, and will not be prepared to combat it 
effectually. 

The following case, which recently came under my observation, 
will serve to illustrate the importance of this examination. A 
poor patient came to me from the provinces, completely blind ; 
she came, she said, to be operated on for cataract; and, in fact, 
the lenses in both eyes were somewhat turbid; and this was the 
more apparent on account of slight dilatation of the pupils. But, 
on an ophthalmoscopic examination, which was easily possible, in 
spite of the opacity of the lens, I discovered an excavation of both 
optic papille, and a complete atrophy of the optic nerves; the 
globe, on both sides, was as hard as stone; there was not a trace 
of perception of light. It was a case of double absolute glaucoma, 
and I was obliged to send the unfortunate woman home without 
any hope of recovery of her vision. S 

How did this come about? The affection w, veloped slowly, 
first in one eye and afterward in the ot hen this woman 
was suffering she went to her Han o told her that she 
had a cataract, but that she could op 
cataract was ripe, that is to say§$qvh®f she could no longer see at 
all. This happened, indeed, bat a time when she was beyond 
all hope of cure. If the Aa had recognized the necessity 

the eye, he would have recognized 


erated upon until the 


of examining the tepsi 


at once the nature trouble, and would have been able to save 
the eyes of his @atiprit. 

This, unfoysynately, is not an isolated instance. Every ophthal- 
mologist Cite analogous cases. It is important, therefore, that 


you Sa have your attention directed toward a symptom of so 


onsequence, and that you should know how to test the 


mu 


O 


AČ 
wy 
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intra-ocular tension. To do this, we proceed in very much the 
same manner as we make palpation. We place the tips of the 
forefingers lightly on the eye, covered by the upper lid, and press 
gently with each in turn, the other fingers resting against the 
edge of the orbit. This palpation should be made solely by the 
muscles of the fingers, and never by a pressure of the entire hand. 
During this examination the patient should look downward, in order 
that we may press only on the sclerotic; if the eye is directed 
upward, pressure is made on the cornea, which causes the tension 
to appear higher. For a similar reason the tips of the fingers 
should be applied above the tarsal cartilage, the thickness and 
resistance of which will give a false idea of the tension of the eye. 

Coccius has proposed that the fingers be applied directly to the 
globe, the proceeding being, according to him, exceedingly well 
supported, if precaution is taken to moisten the fingers in tepid 
water. This is, of course, much more exact than the other method, 
on account of the variation in the volume and consistency of the 
lids in different individuals. However, when one has become used 
to making palpation through the lid, an exactness sient for 
practical purposes can be attained. The direct p on can be 
reserved for doubtful cases, or those in which thaQN is deformed. 

For comparison you can take the eye of QO osite side when 
it is healthy; but it is best to take y n eye. This com- 
parison you should never neglect. 

Bowman, of London, has endeav to find how many distinct 
degrees of intra-ocular O Could recognize by the aid of 
the touch simply. By comgayfig his results with those of his 
colleagues, he conclud Cai there could be recognized three 
different degrees of GS tation and three of diminution of intra- 
ocular tension. Déxighating, then, by Tn the normal tension, he 
called lat +3, the. various degrees of elevation, 7—1, 
T—2, TO different degrees of diminution of the tension of 
the ey AS 


In,o to measure in a manner still more exact the intra- 


oy 


ee 
- = a e m 
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ocular pressure, divers instruments, called tonometers, have been 
constructed. Most of these come from the Utrecht school, which 
has been especially engaged with this question. The principles of 
these instruments are either to measure the force necessary to 
produce a depression of a given depth in the globe, or to determine 
the depth of a depression produced on the globe by a given force. 
But all neglect, more or less, the form of the depression, which 
evidently varies much according to the degree of tension of the 
eye, and according to the resistance of the sclerotic. In a word, 
the instruments in question have not found as extended a practical 
application as was hoped for. 

I shall therefore not enter into a description of them, and would 
refer those of you who are specially interested in the question to 
the description of a tonometer proposed by Snellen. That instru- 
ment unites the advantages of all other instruments proposed, 
and seems to fulfill the conditions necessary for an exact: mea- 
surement. 

The tonometer of Snellen consists of three metallic stems placed 
side by side in a tube, the two lateral ones rigs oe the 
third, central one, being connected with a spri strength of 
which is regulated at will. The two “ie vernier with the 


central stem, in order to indicate exact] 
others. 


much this passes the 


Before using the instrument ae the spring the required 
force, and afterward apply to Este the free extremities of the 
three stems, directed toward itsx’centre. We then make pressure, 
and at the moment whey&s has attained the required force an 
escapement arrests Nai g and fixes the stems in their relative 
positions. * ave at once the force of the pressure, and 
the depth who of the depression made on the globe. The 
form of t iGgepression can be determined in a yet more exact 


mann pO giving, successively, to the stems different degrees of 
kN 


D * Weber. 
‘XO 
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At a reunion of physicians at Utrecht I proposed to construct a 
tonometer according to the following principle :— 

Take a compressible ball the size of the eye and communicating 
with a receptacle which, as well as the ball, is filled with water. 
Apply this ball against the eye in such a manner that the latter 
shall make a certain depression in it; afterward increase, by any 
means whatever, a weight or spring, the pressure on the ball until 
this shall have recovered its original form; its tension will then 
equal that of the eye. This moment will be indicated by a return 
of the water contained in the ball to the level of that of the 
receptacle. The pressure which you have to make on the ball in 
order to restore it to its form will represent the intra-ocular tension. 

I have not pursued this idea to its realization, but I give it to 
you, and think that, proceeding on this principle, we can make 
a good tonometer. 

In practice, it is true, the educated fingers nearly always suffice 
to appreciate the intra-ocular tension; but who knows if, with the 
means of measurement rendered perfect, we should not obtain, on 
this point, new indications important for diagnosis Sp 
In any event, physiology demands a tonometer can replace, 
without any lesion to the eye, the m ter which the 


experimenter is obliged to introduce mae nterior chamber in 
ior of the eye. 


order to determine the pressure of the q 
Among the diseases in which we Si, find an increase of 

the intra-ocular tension, we nego, in the first place, glaucoma, 

of which it forms, as we haya p¥éviously remarked, the principal 

symptom. It is this e of pressure which produces the 

corneal trouble, the Opi n of the pupil, the pulsation of the 

veins and E, the arteries of the retina, but, first of all, 

t 


e papilla and the compression of the nervous 


the excavation 
fibres whi Causes the progressive contraction of the field of 
vision, yee complete amaurosis. You are aware that a 


lar AN ectomy, peripherally situated, almost certainly arrests: 
ag Aias of the disease. 
xS 
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The intra-ocular tension can also be increased by tumors de- 
veloped in the interior of the eye or compressing it exteriorly. 
We observe, on the other hand, a diminution of tension when the 
membranes of the eye are thinned or ruptured in any place, and 
when there is a phthisis of the globe or a change in the conditions 
of filtration (exosmose and endosmose). 

Detachment of the retina is nearly always accompanied by a 
diminution of intra-ocular tension. A diminished tension is like- 
wise nearly always present in paralysis of the ophthalmic branch 
of the fifth pair. We see it again in cases of cyclitis, where it 
becomes an alarming symptom; it then indicates either the 
approach of an exacerbation of the trouble or the imminence of a 
sympathetic inflammation of the other eye. This is explained in 
the following manner: while the intra-ocular pressure is excessive 
the ciliary nerves are more or less compressed at their entrance 
into the sclerotic, and a propagation of the affection by these 
nerves is less possible; when, on the contrary, the tension 
diminishes, the ciliary nerves recover their conductibility, and 


with this the danger of sympathetic ophthalmia = 
< 
S 
O 
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LECTURE VI. 


REFRACTION. 


GENTLEMEN :—The different parts of the apparatus of vision 
can be divided into three groups: The first group comprises the 
external parts, serving to protect the eye or to move it: lids 
orbit, external muscles, etc. 

In the second group we range the parts transmitting the light, 
or the dioptric apparatus, serving to bring the optic nerve in 
relation with the external world. 

The third comprises the nervous apparatus which receives and 
conducts to the central organ the luminous impressio ansmitted 
by the media of the second group. Ka 


Up to the present we have been occupied e parts which 


enter into the formation of the first grou we have studied 
them with an eye single to the object t ch these lectures are 
devoted, viz., to their importance in ostic point of view. 


We now enter on the consider&{ion of the second group, still 
more important than the first. is constituted, as I have told 
you, of the dioptric appa , and it is this which gives to the 
organ its properties of lon and accommodation. 

The dioptric a SN is composed of the cornea, aqueous 
humor, the axyat i ens and vitreous humor. Our knowledge of 


these media.isig-day quite advanced, though it has but recently 


become so, @®}če it was only in 1611 that Kepler proved scientifi- 
oe Se first time, that the dioptric media produced images, 


real inverted, on the fundus of the eye. 
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Moreover, it was only toward the end of the last century and 
the commencement of this, that Thomas Young and Volkmann 
laid the foundation of the theory of the refraction and accommo- 
dation of the eye. But it was Helmholtz who, by the aid of his 
ophthalmometer, determined with mathematical exactitude the 
dimensions, the radii of curvature and the indices of refraction of 
the various dioptric media. It was he and Listing who deduced 
the optical constants of the eye. 

Donders, our illustrious master, has the merit of making a 
practical application of the labors of these learned physicists, by 
further developing the ideas in regard to the accommodation, and 
by establishing the theory of the anomalies of refraction and the 
principles of their treatment. You see, by this, that physiological 
optics is of a very recent date. Probably it is in part to this 
circumstance that the chapter of accommodation and refraction of 
the eye is generally regarded as the most difficult, most obscure, 
and especially the most theoretical in ophthalmology. As regards 
this last charge, it is not at all merited, and when once you are 
familiar with these questions, you will be astonished qe how 
many advantages essentially practical flow from th S w many 
patients, unsuccessfully treated by a hundred dj t collyria, or 
mutilated by inappropriate operations, ca stored to useful 
vision by the use of glasses properly wig adjusted. 

As to the reproach of abstrusenes i explained less by the 
want of a knowledge of mathem Sigs and physics than by the 
lack of a clear and accurate exposfon of the subject. 

I assure you that it is no essary to be a mathematician in 
order to comprehend Ni the most difficult problems of this 
portion of optics, O 
algebra and physidg sfiffiices to master the principles of the refrac- 


at the most elementary knowledge of 


tion and accom@aplation of the eye, and to rationally correct their 
anomalies. © ill be our endeavor, moreover, to treat the 
questi S mply as possible, and to limit ourselves to that which 


is stri necessary for practice. 
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The only thing which seems likely to complicate our task is 
that, just now, we find ourselves in a period of transition from the 
old to a new system of measurement of refraction, and this change 
must influence, more or less, our manner of investigating the 
subject. I allude to the 


INTRODUCTION OF THE METRICAL SYSTEM INTO OPTICS. 


It is not my purpose to treat of refraction and accommodation 
according to the old system, which is destined to fall into disuse, 
as well as the expressions in feet, inches and lines, on which it 
is founded. But we cannot dispense with some consideration of 
the old methods of measurement, and it is necessary for us to 
point out the differences between the old and the new systems, 
This is the more imperative as we have learned the elements of 
optics according to the old system. And this latter differs from 
the new system in many important particulars. 

The refracting power of a lens depends, on the one hand, on the 
index of refraction of the glass of which it is made, and, on the 
other, on the radius of curvature of its surfaces. g j 

The refracting power of a lens is the inverse EAR distance. ) 
The more strongly the lens refracts the ligh closer to it is its 
focus and the shorter its focal distance ; ; Way, the greater the 
focal distance the feebler the lens. 

The formula expressive of Or between the focal ' 
length F, the radius of curvatugeyy and the index of refraction n, 
of a bi-spherical lens, is— Q 


OF = rm 
A 


A rational LENY of notation should indicate either the focal 
distance of ns or its power of refraction. 


The oo which belong to the lenses of the old system 


— ser p 


indicate, in inches, the radii. of curvature of their 


(bi- Rise 
= Now, as the above formula shows us, the radius of 
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curvature does not tell us the refracting power of a lens, unless we 
know, at the same time, the index of refraction of the glass of 
which it is made. 

In order to simplify the matter, a common index of refraction of 
1.5 has been attributed to the glass of which lenses are made. 

In this case the formula for F becomes F = r, that is to say, the 
focal distance and radius of curvature are equal when the index 
of refraction of the glass is 1.5. 

It was generally accepted, therefore, that the number of the 
lens indicated both the radius of curvature and focal distance. 
Thus, for example, No. 6 was supposed to have a focal distance of 
6 inches and a refracting power of 4, etc. 

But the index of refraction of the glass generally used in the 
manufacture of lenses is very seldom 1.5. It varies between 
1.526 and 1.534. Consequently F is not always = r. On the 
contrary, the focal distance is nearly always less than the radius 
of curvature. The lenses of the old system are, therefore, 
stronger than they are represented if the numbers are intended to 
express their focal distances. Thus, in taking twe\index of 
refraction = 1.53, No. 36 has not 36” focal dis , but only 


34”, and its refracting power is 4y instead of © 
The same is true for the other BIENS he second column 


of the Table (page 87) will be found O mbers which express 
exactly the radius of curvature * ® ehses in the old system 
with the index of refraction whic ost common, viz., 1.53. 


It is certainly a. great. incopgentence of the old system that it 
oft in and of themselves mean 


gives to glasses numbers 


nothing, or which, NG only give approximatively the focal 
distance of the lense CQ 


The old system yet other inconveniences, and among them 


is the fact tho unit is too strong. 


* Theta which are used in the manufacture of lenses become worn in 
time, e radius of curvature is thus materially modified. 
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In practice we have much more to do with the refracting power 
of a lens than with its focal distance. Now, supposing the 
number to give the focal distance of the lens, the refracting power 
will be the inverse of that number; and this being expressed in 
inches, the unit of the system was necessarily a lens of 1’ focal 
distance, with a refracting power of 4. This lens is not found in 
boxes of trial glasses, and we seldom have need of it in practice, 
because it is too strong. We have need of lenses feebler in their 
refracting power than the unit, and it is for this reason that all 
our lenses are represented by fractions of the unit. * 

This is inconvenient, because the combination of lenses, and 
all calculations relative to the values ¢f the refraction which we 
have to make in the daily routine of practice, must be made in 
fractions, and thus become complicated. 

Moreover, the inch is not a uniform measure corresponding to 
a standard universally adopted ; it is a measure arbitrarily chosen, 
and different in different countries. Thus, we have the Paris 
inch, the English inch, the Austrian inch, etc., all of which differ 
from one another. | 


Thus— «O 


1” Paris = 27.07 mp © 
1” English = 25.3 
1” Austrian = 26 


1” Prussian = eC í 


Spectacles are manufactured iÇXtcordance with each of these 
measures. A lens No. 5, 
therefore, to a No. 5 Engk 

Finally, the interv 


4@ in France, does not correspond, 


ustrian or Prussian lens. 
ween the different numbers of the old 


series are very unq 


because it muses 
+ 


and it was difficult to estimate their value, 
one through the subtraction of fractions. 


*If we pea of lenses of 3 or } inch focal distance, they would be 
SPER y 2, L, etc. ; that is to say, by the whole numbers 2 and 4, etc. 


n = m 


if 
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In the following table is this old series, with the intervals 
expressed in dioptries :— 


g E 
EE WEE 
ge | 53 ae 
a | s™ Zz | £2 
72 10 

0.11 0.45 
60 9 

0.16 0.54 
48 8 

0.12 0.70 
42 7f 

0.15 0.43 
36 64 

0.22 0.50 
30 6 

0.33 0.60 
24 54 

0.33 0.71 
20 5 

0.21 0.87 
18 44 

0.29 1.02 
16 4 

0.15 1.47 
15 34 

0.18 0.8 
14 3+ ~\ 

0,21 1.0 
13 3 

0.26 1.4 xÑ 


These various Ea aaier GO n felt for a long time by 
ophthalmologists. Thus, 2 pata has not used, as a 
measure of the rn , a EN distance, but has taken as 
a unit of OEE N a refracting power of z4 of the old 
system. On this a based his diagram representing the 
amplitude of the ae. 

Burow, wh Be s among the first to occupy himself with this 
=~ Sa in 1863 had a series of lenses which were 
WAN rogressive, with an interval of refraction equal to a 


be SS ’ (3 meters) focal distance. 
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Giraud-Teulon pointed out* how much the calculations which 
are to be made in the determination of the refraction and accom- 
modation are simplified, when we express in whole numbers, not 
the focal distance, but the refracting power. By adopting, as a 
unit, a refracting power of 54, (216” focal length), Giraud- 
Teulon made a great step toward procuring for us the introduction 
of a new system in the numbering of glasses. 

Finally, at the International Congress of Ophthalmology, held 
at Paris in 1867, Javal, in the name of many colleagues, proposed 
to number lenses no longer according to their radii of curvature, 
but by their focal length, and to use, as a basis of measurement of 
that distance, the meter instead of the inch. 

On the same occasion Nagel, recognizing as well as Javal the 
necessity of introducing the metrical system in the numbering of 
glasses, again brought forward his plant to use, in giving numbers 
to the lenses, not their focal distance, but their refracting power. 

This method of numbering necessitated the choice of a unit of 
refraction, and Nagel proposed as such a unit a lens of one meter 
focal distance, and offered to the Congress exactly series of 
lenses which we now employ. EAN 


This proposition was, however, not era But 


a commission, composed of Messrs. Becl onders, Giraud- 
Teulon, Javal, Leber, Nagel, Qaei rots Wals was 


appointed to examine this question, the Ophthalmological 
Society held in Heidelberg in 15, and at the International 
Medical Congress held in Beg the same year, a new system 
of numbering glasses was d, which is now in use, and which, 
as we shall see, is pre R) e one proposed by Nagel, and for a 
long time contende by him alone. The principles of this 
new system are a fg lows :— 


Ist. Numbegaag the lenses according to their refracting power. 
N 


editi 
+N 


ement, 1865. 
s Compendium der Refractions Anomalieen, p. 30, 1866. 


z we in Makenzie’s “Traité pratique des maladies des yeux,” 4th 


i = 
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2d. The choice of a unit sufficiently feeble, so that the numbers 
of the lenses generally in use should be expressed in whole numbers 
and not in fractions. 

3d. The substitution of the meter for the inch as a basis of 
measurement of the focal distances of the lenses. 

4th. Having the intervals increase gradually from the feebler 
to the stronger numbers. 

The umt of the new system, No. 1 of the new series of lenses, 
is a lens of 1 meter focal distance. It is called a pioptRy (D) in 
accordance with the proposition of Menoyer. Its refracting power 
is, therefore, represented by = 

We call No. 2 the lens which has two units of refraction, two 


dioptries 2 — 2 D; No. 3 has three dioptries; No. 4 has four, 


im 
and consequently is four times as strong as No. 1, (4x 4} = 4,) and 
so on. 

By thus following the simple cardinal numbers we obtain a 
series of lenses having the same interval, namely, one dioptry. 

It has been found in practice, however, that we have need of 
lenses weaker than one dioptry. And for this reas 
been admitted into the scale fractions of a di 
lenses of ? D (0.75 D), 4 D (0.5 D) and 4 D 

Quarters of a dioptry have likewise ke troduced between 
the weaker numbers of the series up as .5, and half dioptries 
from No. 2.5 up to No. 6. In the numbers of the series 
the interval of one dioptry is Sonal a slight variation in the 
distance between the lens andthe” eye producing an effect greater 
than 1 D. No. 19 we) is reason, been suppressed. The 

ice. 


here have 
We have 


series found in colu Gyo the Table has been adopted for the 
trial cases in use in 

The interval Whigh separates any two adjacent numbers of the 
series, as iG is 1, or 4, or 4 of the unit, that is to say, of one 


dioptry; ay 


can AX ly found by the simple subtraction of whole numbers 


în all cases the interval between any two numbers 


or dee als. We can thus easily tell by how much one glass is 
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weaker or stronger than another, or how much an ametropia or 
presbyopia has increased or diminished. 

Focal distance. It is very easy to find the focal distance of the 
lenses of the new system, when we remember that the focal 
distance is the inverse of the refracting power. We have, for 


4 4 : 
example, a lens of a power of 4 D, z Or meg its focal 
: : 1 100 5 100 cm. 
distance is = -7 or —[* = 25 cm. 6 D corresponds to =S= 


= 16 centimeters focal distance, etc. 
We can determine with the same facility the number of the 
lens, that is the number of dioptries, corresponding to a given 
focal distance. Since the dioptry is the inverse of the focal 
distance, the number is found by means of a fraction whose 
numerator is one meter or 100 centimeters, and the denominator | 
the focal distance. 


To find, for example, the number of dioptries (d) corresponding 
to a focal length of 40 centimeters, we write— 


d = yha or 199 = 2.4 D. 


In order to express in a general formula the ia we call 
the number of dioptries d, the focal distance F, Qj en write— 


d=%,F = 7, dF =) 
S 


THE RELATIONS OF THE OLD Q TO THE NEW. | 


When we wish to know the D) istance in inches of a lens of i 
a given number of a a have only to bear in mind that 


p = m 


1 meter = 37” of Paris, 5” English, 


Therefore :— NS 
Q 


1 ‘ 
L Diora =f Paris =s 


a English. 


2 2 1 2 1 
n rT; Eniga. rT; 
2 D or ae a7 OF isa = 39.67 OF jay 
phikg 1 Yael! Sieg 1 E 
3 D, ag Mo cm. ~ a7” OF ing = 39.67 OF isan 


Y a NEA “ eh “ 
100 cm, ~~ ~=—87” —— 89.0” 


& 
Re) 
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That is to say, we must divide 37” (or 39.5”) by the number of 
dioptries, in order to obtain the equivalent refracting power in 
inches. The denominator of the fraction then gives the focal 
distance of the lens, expressed in inches. The numbers of the 
new system thus obtained are the figures in columns VII and VIII 
of the Table. 

We proceed, in an inverse manner, to find the equivalent in 
dioptries of a lens whose focal distance in inches we know. Let 
the focal distance of this lens be expressed by p’’; its refracting 
power will be 3 /, and this lens will represent as many dioptries 
as its refracting power contains = (Paris) or yẹ. (English). In 
order to find the number of dioptries it is necessary, therefore, to 
divide 5” by = (Paris). Now, to divide zi by y is the same 
as dividing 37 by p” v a a ) We have, therefore, only 

3T : 
to divide 37 (or 39.5 when using English inches) by the number 
of inches focal distance in order to obtain its equivalent in 
dioptries. Thus, a lens of 17” Paris, focal distance will be 
$7 = 2.25 D; 17” English, = 39:8, = 2.3 D. N 

It is in this way that we can transpose the eng à the old 
numbers to the new series when the index vs action of the 
glass is 1.5, or when the radius of curvature the focal distance 
are the same. When such is the cas have only, when we 
wish to find the number of D corres Y to any number of the 
old system, to divide 37 (Paris) op&9.5 (English) by that number. 

But when, as is most commgnlPthe case, the index of refraction 
is greater than 1.5, and cept the radius of curvature is 
not equal to the Owe e, we divide 37 or 39.5, not by the 
number which the ef) ars, but by its determined focal distance. 
For a lens with akigdex of refraction of 1.53 we do not take the 
number in phe column of the table, but that in the second, 
which RO the focal distance corresponding to that index of 


refra SS In this manner we find, as equivalents of the old series, 
the NY ers of D contained in columns III and IV. 


S 
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TABLE 


Showing the Relations between the Old and New Systems of Numbering Glasses. 


OLD SYSTEM. NEW SYSTEM. 
= SS; Cz ———— 
I II II. IV. Vi. VI VII. VIII. 
| Paris Inches, English Inches. Paris Inches, English Inches. 
w% s ad a ad 
as Š gi 5 $ | ag a |a& 
=e! S 8 S 3 po E oA 
EE È F E : A a | es a | Sy 
Bag = re E = = E fy | ® ay 
‘apn a B = = a Š 33 a 33 
data È A £ = F s s Aa P ZA 
a | 228 g E s P $ s 8 vt ed ed TR 
5 | sg83 | § 2 S z g 3 ¢ |lga2| 8 | aa 
S| gue] & E z g 3 2 Sod Sep he Bees 
5 eg S F 5 E a ae 
Bal MAM teed le) ee aaa aa Ui Petal col EiS 
cel es | el et eT me foe | mee ct 
72 16A i T887 0.54 | 1717 0.58 0.25 | 4000 |148 156 158. 167.48 
60 |. 56.6 | 1523 0.65 | 1431 0.69 0.6 | 2000 | 74. 78. 79. 83.74 
48 | 45.3 | 1225 0.81 | 1146 0.87 0.75 | 1333 | 49. 52. 52:5 | 65.43 ` 
42 | 39.6 1072 0.93 | 1001 0.99 it 1000 | 37. 39.2 | 39.5 | 41 87 
36 | 34 920 1.08} 860 1.15 1,25;| 800) | 29:6 | 81.2 | 31.6 | 33.49 
30 | 28.3 766 1.30} 715 1.3 1.5 666 | 24.6 | 26.1 | 26.3 | 27.87 
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We can accom iy e same thing in a more simple manner 
when, for a MET? of refraction, we calculate at first the 
dioptric eqtignt. 

Thus, index of refraction of 1.53, a lens of 37” = 1 meter 


foca nce, should have a radius of curvature of 39.15” (Paris,) 
nOA have, therefore, the number 39.15. In order to find 


NV 
~~ i 
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the equivalent, not of the focal distance, but of the number of the 
lens, we write— 
LD= aha 2D = zr, d D = ay. 

Under the same circumstances a lens of 1 meter focal distance 
= 39.5 English inches should have a radius of curvature of 41.87 
inches, 

1D = gto, 2 D = qram d D = he 

Inversely, to find the number of dioptries which corresponds to 
a number of that series, we will have to divide 39.15 by the 
number. Thus— 


No. 13 will give 29-45 — 3.01. D. 
No. N “ 2415 dioptries. 


But the number 39.15 is very difficult to divide, and we can, 
without any considerable error, replace it in practice by No. 40 


(for French inches), and consider the dioptry as corresponding to 


No. 40 French, or No. 42 English of the old system. 


The numbers of the new system become lar with the 
refracting power of the lens, while those of the ol tem become 


smaller. The two numbers progress, ther , in opposite 
directions, and 2 D corresponds to the Not = No. 20 of the 
old system; 3 D = 40, = 13.3 of the bries; 4 D = 42, = 
10, ete. O 

Now, if we call the number 10ptries d and the number of 
the old system N we shall have © equation— 


— 0 


Inversely, knowing NY d number, if we desire to find the 
number of diop (tp drrexponding to it, we simply reverse the 
equation— 


Oo abnt 


: tho old No. 20 (Paris) corresponds to 


Ex 
S d = # =2D. 
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This question being solved, we can now return to our principal 
subject, the refraction of the eye, and explain the elementary 
principles involved in it. You will be better able to understand 
these fundamental principles, however, when we come to apply 
them to practice, in determining the nature of the refraction and 
accommodation and the degrees of ametropia. 

The dioptric apparatus of the eye comprises, first, the cornea, 
the radius of whose curvature is about 8 millimeters. It is 
separated from the crystalline lens by the anterior chamber, filled 
with the aqueous humor, and having a depth of 4 millimeters. 
The anterior surface of the crystalline lens has a radius of 
curvature of 10 millimeters, the posterior surface a radius of 6 


Fic. 11. 


millimeters; its thickness is 4 millimeters (s CAPA After 
having crossed these media the light EN its way in the 
vitreous humor up to the retina. The oy of refraction of the 
aqueous and vitreous humor is, on 


the lens +$ 
The figures which we have ig have been determined by 


rage, +93, and that of 


Listing, Helmholtz and D They have not, however, an 
absolute value, and, certain measure, may be found 
different in orient Helmholtz has, indeed, modified the 
above numbers soy t, but we, nevertheless, give them as they 
appeared in hGrfirst work, because, being round numbers, they 


are more e managed. 


The eof the dioptric apparatus of the eye is to produce on 
the = distinct images of external objects. You are already 


at 
4 
1 
N 
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aware that the images are inverted, as all real images formed by 
a collective system are. 

The question has been frequently discussed as to why we see 
those objects upright whose images are inverted on the retina. 
At the beginning of the last century, even, there were some 
physiologists who denied the fact, and who, not being able to 
explain how the inverted images were projected upright exter- 
nally, maintained that the retina received the image upright. I 
remember to have found, for example, in a medical work of 
Stephen Blanquard, published at the commencement of the 
eighteenth century, an engraving which shows how images 
which are inverted by the lens are again inverted, that is to say, 
are set upright, by the vitreous humor. 

The explanation of the fact in question appears to me, however, 
to be very simple. Suppose one born blind to suddenly receive 
sight. Far from having a correct idea of what he sees, he does 
not at first at all properly interpret the images formed on the 
retina. He sees neither upright nor inverted ;. he does not see at 
all, so to speak, although objects are painted Ç the retina. 
Indeed, he has not, as yet, the mental conc s which cor- 
respond to the impressions made on the Ka elements of 
the retina. It is only by AA comparison of the 
impressions of touch, hearing, and of. other senses with his 
visual impression, that he comes rmg the retinal image in 
relation with the external objec KEren teaches him, among 
other things, that in order Oe the upper extremity of an 
object it is necessary t ct the eyes upward, and in order to 
observe the lower e Riis he must direct them downward, and 
in this manner i AN the interpretation of the position of 
objects by N: the movements of the eyes. It would be 
entirely PN for the individual to receive the image upright, 
since h Q d not find it easier to interpret it thus than if it were 
iny T In any case he would be compelled to resort, for its 


y retation, to experience. 


O 
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What is of much more importance than the posture of the 
retinal image is its distinctness. If the image is not distinct the 
eye cannot see clearly. Now, in order that the image be distinct 
the retina must lie exactly at the place where the image of the 
dioptric system is formed, for, as with all dioptric systems, the eye 
can furnish distinct images only of objects situated at one and the 
same distance, unless its dioptric apparatus is capable of alteration. 
Fortunately, however, we can see equally well at different 
distances. 

The cause of this is found in the accommodative power of the 
eye. Accommodation, of which we shall speak more fully further 
on, consists in an increase of the convexity of the lens, caused by a 
contraction of the ciliary muscle. Accommodation, therefore, 
increases the refracting power of the eye, and adapts it to objects 
nearer at hand. 

The eye, in a state of repose, is adapted to the furthest point at 
which it is able to distinguish objects, that is to say, to its 
punctum remotum. Now, the greatest distance at which an 
object can be situated, and at which we have need see, is 
infinity. For this reason we consider as normal an hih, 
in a state of rest, sees at an infinite distance, Cre call that 
condition emmetropia. ES 


set. 


The emmetropic eye is, therefor& one which, in a condition 
of rest, sees at an infinite distan Q and since, in order to see 


clearly, it must have an imag ed distinctly on its retina, the 
retina of the emmetropi hould be found where the rays 
coming from irfinity, t to say, parallel rays, are brought to 


a focus by the diogtrig ystem of the eye. It is at the principal 
focus of this ¢ em that the rays coming from infinity are 
brought to a s. We can, therefore, define an emmetropic eye 
as followg*: 


Ther Qduiropi eye is one the retina of which is found at the 


S$ 


2 
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principal focus of its dioptrie system, or one which unites parallel 
rays on its retina, or, expressed in another manner, the punctum 
remotum of which is situated at infinity. 

We can represent the emmetropic eye by a convex lens at the 
focus of which is a screen which corresponds to the retina (E E 
Fig. 12). The sun, or any object far removed, forms a distinct 
image on the screen. 


Fia. 12, 


For simplicity, we choose as an object the flame of a candle 
placed at a distance of about 5 meters; this being, for the eye, a 
distance sufficiently great for rays coming from it to be considered 


parallel. ~\ 
AMETROPIA. gs 


All eyes which are not emmetropic ar pic. In ametropia 
parallel rays are not united on the won either in front of 
or behind it. If we advance ne toward, or withdraw it 
from, our lens, we will find th image of the flame becomes 
diffuse (a b, b’ a’, Fig. 12). ok same phenomenon occurs in 
the eye. 


finite 


When the retjm@® ound in front of the focus of the dioptric 
system, paral = are united behind it (Fig. 13) and make a 
diffused imagea, b. 

Ino reo o be united on the retina the rays must be already 
more> less convergent before reaching the eye, as is indi- 


S 
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cated by the broken lines in Fig. 13. Now, there do not exist 
any converging rays in nature. Those which come from objects 
near at hand are divergent; those coming from infinity are 
parallel; in order to be convergent it would be necessary for 
them to come from beyond infinity, so to speak. The name of 
hypermetropia has been given to that condition of the eye in 
which it is adapted for a point situated beyond the normal distance 
to which the emmetropic eye is adapted. 

The punctum remotum to which the hypermetropic eye is 
adapted in a state of rest is not to to be found in front of the eye. 
It corresponds to the point of intersection of the convergent rays 


which the eye requires in order to see distinctly. By prolonging 
Fria. 13. 


these rays we find this point of intersection (R oS behind 


the eye. 
The punctum remotum of the hypermety 


eye, instead of 
being the point from which the rays of emanate, is, on the 
contrary, the point to which they sho verge in order to be 
united on the retina, because its ¥efracting power is too feeble 
relative to its length (see Fig. 13). order to make it emmetropic 
its refracting power must b reased by adding to it a convex 
lens. The number of the @hF#hich adapts the hypermetropic eye 
to vision at a distance-WWh parallel rays, indicates at the same 
time by how many Qigp ries the hypermetropic eye is more feeble 
than the emmeiGapic eye, and thus gives the measure of the 
hypermetro ri the convex lens has 6 dioptries, the refracting 

& eye is feebler by 6 dioptries than the emmetropic 


power S 
eye, aÀ nsequently the hypermetropia is expressed by 6 D. 
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But the correcting lens shows us yet another thing: if the 
hypermetropic eye, which has need of convergent luminous rays, 
sees distinctly at infinity, through a convex lens, it follows that the 
convergence communicated, by the lens, to the parallel rays is 
exactly that of which the eye has need. Now, the lens causes 
parallel rays to converge toward its focus, and the rays which the 
hypermetropic eye unites on its retina should converge toward its 
punctum remotum. 

The punctum remotum of the eye and the focus of the correcting 
glass should, therefore, coincide, and the focal distance of the 
convex lens, placed just in front of the eye, is therefore equal to 
the distance which separates the eye from its punctum remotum. 

The focal distance of the correcting lens being, in our example, 
190 — 16 cm., the punctum remotum is situated at 16 cm. behind 
the eye. If we place the correcting glass at a certain distance in 
front of the eye, say at 2 centimeters, it should have a greater 
focal distance. In this case, the punctum remotum being situated 
16 centimeters behind the cornea, and the glass being 2 centi- 
meters in front of it, the focal distance should be 16 + 2 = 18 
centimeters, and its power, not 6, but 54 dioptri AY =DD 
order that its focus coincide with the puncty&ycmotum. With 


respect to the eye, the action of the cony ns is the stronger 
the further it is removed from it. It erefore, important to 
take into account the distance h the correcting lens is 


placed from the eye. 
In practice we cannot alway€ whether the individual brings 
his accommodation into B. This, however feeble it may be, 


diminishes the manifes ee of the hypermetropia ; it is for this 
reason that we IA take as the expression of the hyperme- 
tropia, the srog Convex lens which adapts the eye to infinity ; 
that is to ang distance beyond 5 meters. 
It is o 3 account that young hypermetropes who have yet 
posag of the full power of their ciliary muscles, and those 
ypermetropia is not very great, see perfectly well at a 


Ww 
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distance, and even quite close at hand, without the intervention of 
convex glasses. 

Causes of Hypermetropia.—Hypermetropia, which, as we have 
seen, consists in this, that the principal focus of the dioptric 
media is situated behind the retina, can be produced by different 
causes. 

Ist. The dioptric system of the hypermetropic eye may be the 
same as that of the emmetropic eye, but the axis of the eye may 
be too short, as represented in Fig. 13. I have given to this 
form the name axial hypermetropia (hypermetropie axile), and 
the sign H? indicates at once the nature of the ametropia and 
its cause. 

2d. The length of the hypermetropic eye may be the same as 
that of the emmetropic eye, but the refracting power may be too 
feeble, either on account of a diminution of the convexity of the 
cornea or of the surfaces of the lens, or on account of the absence 
of the lens, constituting hypermetropia from insufficient curvature 
(hypermetropie de courbure), H°. 

3d. It may be that the indez of refraction of theļaqueous 
humor or the lens is diminished, constituting Hi. AN 

The most frequent variety of hypermetropia is 


axial form, 
that is to say, hypermetropia produced by a 
ment of the eye in its totality, or in its an osterior diameter. 
These eyes are distinguished by their ¢m ss and mobility. It 
is on this account that, when theXgye is turned as much as 
possible toward the nose, and the 1y are widely separated, we are 
able to see not only the equa portion strongly curved, but to 
see that the back part NG be slopes quite suddenly toward 
the posterior pole. 

The second fork SP hypermetropia—hypermetropia from 
insufficient curvaGme—is much rarer; the cornea of the hyper- 
metropic eye (O) g generally more convex than that of the 
myopic we 
bay , however, a hypermetropia produced by a depression 
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in the cornea as a consequence of keratitis. . H° also follows, 
sometimes, as a result of the flattening of the cornea from the 
increase of intra-ocular tension, and from the flattening of the 
lens, in paralysis of the ciliary muscle. 

It is hardly necessary for me to call your attention to the 
hypermetropia caused by the absence of the lens; you have all 
geen cases of luxation of the lens, and you see every day those 
who have been operated on for cataract armed with strong convex 
lenses, which correct the high degree: of hypermetropia which 
follows extraction of the crystalline lens. Finally, the hyper- 
metropia which is developed in advanced age, first demonstrated 
by Donders, should, perhaps, be referred to a flatness of the lens 
as a whole in consequence of senile degeneration. It is an exam- 
ple of Hi. 


MYOPIA. 


Returning now to the experiment with the convex lens and 
screen, if, instead of advancing the screen on which the image of 
the flame is received, we remove it further away, we\obtain again 
an indistinct image (0’ a’, Fig. 12). This is canseby the diverg- 
ence of the rays after their union at the foc d this condition 
corresponds to that of myopia. We Seige, therefore, as 
follows :— A 

Myopia is that condition of O in which the retina is 
situated behind the focus ofXits dioptric apparatus; and, 
expressed in a general uw & we may say that the dioptric 
system of the myopic eye 4 strong, relative to its length. 

In order that the Wes ing from the flame may be brought 


to a focus on the en, it will be necessary either to render 


them more convergpnt by bringing the flame nearer (at R, Fig. 12), 
or, the oN as at infinity, to diminish the refracting 
parce of W ens 

Qer to adapt the myopic eye to infinity, that is to say, 
to Y it emmetropic, we must diminish its refracting power. 
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This can be accomplished by concave glasses; and the number of 
the concave glass which allows the eye to see at infinity represents 
the degree of the myopia, because it shows by how many dioptries 
the refracting apparatus of the eye is stronger than that of the 
emmetropic eye. 

In taking account of the action of the correcting concave lens 
we will find again the same coincidence of its focus with the 
punctum remotum of the myopic eye that we found in the case of 
hypermetropia. 

The myopic eye in a state of rest is adapted for its punetum 
remotum situated at a certain distance in front of it; in other 
words, in order to see distinctly, it must have rays diverging from 
its punctum remotum. Now, the action of a concave lens is to 
render parallel rays divergent, as if they came from its focus. 


FIG. 14. =e 


EN vision at a dis- 

or rays a divergence, 

as if they came from the punctum m of that eye. On 
this account, the focus of the cote lens and the punctum 
remotum, R, of the mee oincide. If the eye requires 


When a concave lens adapts the myopi 
tance, it shows that that lens gives to 


a concave lens, No. 6, pla ose to the cornea (d = 0, Fig. 


OQ is situated at 16 centimeters in 


14) its punctum remot 
front of it, because tl@Yodcal distance of this lens is equal to 16 
centimeters. 
If we place orrecting lens at 2 centimeters from the cornea 
(d = 2 ce Cos ers), the focal distance LR should be 2 centimeters 
14 


less, aN aie and the lens will then be not 6, but 7, 


soa D). 
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You see that it is by no means a matter of indifference as to 
where you place the correcting lens; the further the concave lens 
is from the eye the stronger it must be, and vice versa. Those 
among you who use concave glasses have doubtless frequently 
observed that the closer they are approached to the eyes the 
stronger is their action. 

Since it is only necessary to measure the distance between the 
punctum remotum and the eye in order to know the degree of the 
myopia, we can determine this degree even without the inter- 
vention of a lens. It is sufficient to cause the individual to read 
small print at the greatest distance he is able. In this manner we 
find the punctum remotum; and the distance which separates this 
from the eye is the focal distance of the lens which gives the 
degree of the myopia. 

Suppose a myope to read without any effort of the accommo- 
dation at a distance of 9 centimeters. His myopia will be equal to 
11 D, because 9 centimeters represent the focal distance of 11 D 
aş = 11). 

In the determination of myopia we should again take account 
of the accommodation; if this is not absolutebggu ended, the 
Gality, en account 
eye. Itis for this 


myopia will appear much higher than it is į 


of the increase in the refracting power o 
reason that we should always choose t lest concave lens which 
gives the best vision at a distanc the direct determination 
we should take as the focal distace of the lens for correcting the 
myopia the greatest distance atQhich small print is read. 

Causes of Myopia.—\ Qh, like hypermetropia, has different 
causes for its produie) 

Ist. The eye m too long for a dioptric system as strong as 
that of an emnietrppic eye; axial myopia (myopie axile), M*. 

2d. The-dGagtric system may be too strong, while the length of 
the eye r€Mains emmetropic; myopia from excessive curvature 


eo. 


OX 


courbure), M°. 
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3d. The index of refraction of the dioptric system may be 
increased, Mi. 


I. AXIAL MYOPIA, M*. 


Myopia from an excessive length of the eye is by far the most 
frequent form. You doubtless. call to mind the protruding eyes of 
certain myopes, even when the myopia was of slight degree. 

As we said, in the second lecture, hypertrophy of the globe (if 
we can call it such) can attain to such a degree that the eye is 
restricted in its movements. The lengthening is more pronounced 
in the direction of the optic axis by the formation of a staphyloma 
posticum, an ectasia in the region of the macula lutea which is so 
frequently a cause of myopia. 


II. MYOPIA FROM EXCESSIVE CURVATURE, M°. 


Myopia from excess of curvature is much rarer than the axial 
form, the cornea of the myope not differing generally from that of 
the emmetrope, having, indeed, frequently a longer radius of 
curvature. Examples of this kind of myopia are conical and 
staphylomatous cornec. y 

We sometimes see an apparent myopia due Can excess of 
curvature of the lens, caused by a spasm of th ry muscle. In 
this case the myopia disappears under the nce of atropine. 


III. MYOPIA FROM AN INCREASE gG} INDEX OF REFRAC- 
TION, 

Sometimes in the course Oe development of a cataract we 

find a myopia which EN 


doubt, in such cases, t increase of the index of refraction of 


st previously. It.is due, without 


the lens. 

We have segggentlemen, that the great majority of cases of 
ametropia ON to differences in the length of the eye, the 
dioptric Gatus remaining the same as that of the emmetropic 


eye. ~~ 


100 EXAMINATION OF THE EYES. 


From this it will appear that the expression “anomalies of 
refraction,” by which ametropia is usually designated, is not exact. 
Indeed, it is not the refraction, but the length of the eye which 
is abnormal in these cases. If we designate the axial ametropias 
by the name “anomalies of refraction,” we should always add 
mentally, in relation to their length, 
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GENTLEMEN :—In the different forms of refraction of the eye 
which we have hitherto studied it has always been supposed that 
its refracting surfaces were spherical, a condition in which, since 
all the meridians have the same curvature and refract equally, the 
rays are brought to a focus in one and the same point. 

We have no need to speak of the eye as not being a perfect 
instrument in the strict sense of the word. We seldom ever find 
an eye which fulfills, mathematically, the conditions of a perfect 
instrument. The departure from a spherical form is, however, in 
the majority of cases, so small that we can very properly neglect 


it, in practice. ¢ 
But frequently this inequality in the curvature e different 
meridians of the refracting surfaces of the e so great as to 


influence, in no inconsiderable degree, the se Be of vision, and 
it then constitutes a peculiar form of CS of refraction which 


is known as astigmatism. 
Astigmatism consists in an iar of the curvature of the 


dioptric surfaces of the eye, whyp, deviate in various degrees from 
the normal spherical form. e refraction of an astigmatic eye 
is, therefore, not the in its different meridians. It is 


strongest in the fete with the strongest curvatures, and 
most feeble in thos ere the curvature is least. 
We can inhi, artificially, this anomaly by means of a 


cylindrical A cylindrical lens is one formed by a section of 


a oF glass made parallel to its axis, or by two of these 
sectians 


~~ 


Ae 
& 
fa’ 


ymmetrically associated. 
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A cut made across a convex or concave cylindrical glass 
perpendicular to its axis presents, therefore, the form of Fig. 15 
or Fig. 16, while a cut parallel to the axis has simply the form 
of Fig. 17, thicker or thinner, according as it is made nearer 
the border or middle line of the cylinder. The rays of light 
which pass through the cylinder in a plane perpendicular to its 
axis are brought to a focus in the same manner as they are by 
all convex lenses, while those which pass in a plane parallel to 
the axis undergo no more deviation than if they had passed 
through a glass with plane parallel surfaces. 


FIG. 15. FIG. 16. FIG. 17. 


The same is true of concave cylindrical len N ich disperse 
only the rays which pass through them dicular to their 


axes 

Take, for example, the convex Src lens No. 5 and 
combine with it a spherical conv y 50, the refracting power 
of which is nearly the same as fiat of the dioptric system of the 
eye, since it unites parallel O mm. behind it. 

Rays coming from a OS point at a great distance and 
passing through — ation in a plane parallel to the axis of 
the cylinder ke d only by the spherical glass, the cylinder 

exerting no in CY on it in that direction, and they are brought 
_to a focus 4 A 20 mm. behind the combination. 

The © on the contrary, which pass through the system in a 

pendicular to the axis of the cylinder will be affected by 


aN) 
es he spherical No. 50 and the cylindrical No. 5, making, 


& 
RS) 
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together, 55 D; they will be brought to a focus, therefore, at 
1390 — 18 mm. behind the lens, consequently 2 mm. in front of 
the point of union of the rays passing through the plane of the 
axis, and at a place where these latter form an image of diffusion. 
On the contrary, at the focus of the rays which have passed parallel 
to the axis of the cylinder, the rays of the plane perpendicular to 
the axis form an image of diffusion by diverging after their union. 

In the space comprised between the foci of the two PRINCIPAL 
MERIDIANS (that is to say, those meridians with the maximum 
and minimum of curvature) are to be found the foci and the 
images of diffusion of the rays which pass through the system in 
the intermediate meridians. 

From this it results that such a system can never furnish a 
distinct image of a luminous point. At whatever point we place 
the screen to receive the image, there will always be only one 
part of the rays which comes to a focus there; the other makes an 
image of diffusion. If we place a cylindrical lens like the one we 
have mentioned in such a position that its axis is horizontal, and 
if the screen is 18 mm. behind the combination, then CaP ee 
meridian only is adapted for the distance of the 1 
and the image will be a horizontal line, because 
have passed through the vertical meridian 
screen, while the others, especially those 
horizontal meridian, form images of di Fas) on. 

By removing the screen the line Seve at the same time that 
it gets shorter, and the imagg becomes an ellipse with a long 
horizontal axis. If we enh remove it, the long axis of the 
ellipse becomes shorter LRA e short axis becomes longer; the 
image of diffusion ass a circular form, to again become an 
ellipse, with its ah vertical; finally this ellipse grows nar- 
rower and narroĝor until it becomes, at 20 mm. behind the com- 
bination, a gO vertical line. In this last position the focus 


point, 


e rays which 
united on the 
pass through the 


of the D 
NN, 


ge of a luminous point made by a dioptric system the 


al meridian is found on the screen. 


<> 
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different meridians of which have different refracting powers, is, 
therefore, never a point, but a line, or an image of diffusion, 
elliptical or round in shape. 

This condition may occur in the eye. Suppose an eye, whose 
vertical corneal meridian has a curvature stronger than the hori- 
zontal; this eye looking at a point will always see a horizontal 
or vertical line, or a diffuse luminous spot, but never a point. 
From this fact comes the name astigmatism (from a, privative, 
and ortSw, ottyya, a point,) which has been given to this anomaly 
of refraction. 

When, as in the example which we have taken, the curvature 
remains the same throughout the whole extent of the same meri- 
dian, the astigmatism is called regular. 

If, on the contrary, not only the different: meridians have 
different radii of curvature, but the curvature of the same 
meridian varies in its different parts, it is called irregular astig- 
matism. 

We would therefore define regular astigmatism to be that 
condition in which the refraction is different inthe different 
meridians of the eye. It has its seat nearly ae a e cornea, 
which, instead of being spherical, has the fo a sphere com- 
pressed from two opposite sides, 

The principal meridians (most fre xO the horizontal and 
vertical) are, in the great major <2) cases, perpendicular to 
one another, and in that case %he vertical meridian is nearly 
always the more strongl ved. The exceptions to this, 
however, are not rare. principal meridians are frequently 
inclined, and some e the feebler curvature corresponding 


to the vertical. 

Returning nw Jo our two combined lenses, let us apply their 
principles ie eye, in order to bring clearly before our minds 
the aO which are manifest in the astigmatic eye, as well 
as SS anner of determining and correcting that anomaly of 

Pon. 


= 


O 
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Suppose the eye to have a length of 20 mm., and that its 
dioptric system is represented by the combination of a + 50 
spherical lens, and a + 5 cylindrical lens axis horizontal. The 
horizontal meridian of the eye will then be emmetropic, since 
the cylinder exercises no influence on the direction of the rays in 
the plane of its axis; the spherical lens alone refracts the light, 
and brings parallel rays to a focus at 20 mm. behind it, that is to 
say, on the retina. 

In the vertical meridian, on the other hand, the refraction of 
the eye is 5 D stronger than that of the emmetropic eye. The 
eye has, therefore, a myopia of 5 D in that meridian. Rays 
coming from infinity are united in front of the retina, and in 
order to see clearly, the object must be brought up to 12% — 20 
em. An eye having this irregularity of refraction cannot see 
horizontal lines distinctly when they are placed beyond 20 cm., 
the vertical meridian being adapted only for objects nearer than 
20 cm. A line can be considered as composed of an infinite 
number of points placed close to one another; each of these points 
will form an image of diffusion in the vertical axis, akd all the 
points together will form a broad and ill-defined N 

In order to see the horizontal line clearly, i t be brought 
up to 20 centimeters. Then the images of qÑ®ion of the points 
which make up the line are horizontal, taNss, in the direction of 
the line, consequently they raphe other, while the rays 


which come from the vertical dirggion are accurately focused on 


the retina. The line, therefore, ddes not appear broader, but only 
slightly elongated, on cong horizontal diffusion at its two 

extremities. W 
The contrary “peg for a vertical line. It will be seen 
clearly at a distanc& bgcause the horizontal meridian, perpendicular 
to its direction adapted to its distance, while it will be confused 
on nearer ee because it forms images of diffusion in 
K axis. An eyeof this kind will, therefore, never see 


the aS 
oS 
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horizontal and vertical lines distinctly when they lie in the same 
plane. If you place a black cross made on white paper before it, 
it will see either the one or the other line distinctly, according as 
the paper is approximated to or removed from it, or as its 
accommodation adapts the one or the other of its principal meridians 
to the distance at which the paper is placed, but it will never see 
the cross, as a whole, clearly and distinctly. 

It was this observation, among others, which led to the discovery 
of astigmatism, and which furnished a means for its determination. 

The astigmatic eye never has a perfect acuteness of vision, and, 
indeed, often presents a very high degree of amblyopia. When 
we have found a spherical glass which gives relatively the best 
visual acuteness, and when we have reason to suspect the exist- 
ence of astigmatism—the indications of which we shall see further 
on—we place before the patient a figure composed of black rays 
spread out like a fan on a white ground (SNELLEN, GREEN). It 
should be about 5 meters (16 feet) removed from the eye. While 
one eye is covered, and the other is armed with the lens giving 
the best vision (if a glass be required), we ask if{Qll the lines 


wer is in the 


appear equally sharp, black and broad. If th 


negative we then ask which ray appears cles and which most 


indistinct. These rays will correspond he two principal 
meridians, and are most generally per ‘cular to each other. 
Since one of the two lines os clear and distinct, the 
meridian which is perpendien! ch is adapted to the distance of 
that line, whether the wo Oss with or without the aid of 
glasses. It only rin s, therefore, to correct the ametropia 
of the other meridi his is effected by means of a cylindrical 
glass, the axis ANY is perpendicular to the meridian to be 


corrected, > F must be added to the correcting spherical 


lens. 
ang EO lens will be convex or concave according as the 
AN to be corrected is hypermetropic or myopic; and the 


O 


a) 
E 
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cylinder which, with the spherical lens, gives the best vision, is 
the correcting cylinder required. Its number gives the degree of 
astigmatism, that is, the difference in the refraction of the meri- 
dians of least and greatest curvature. 

To verify the exactness of our examination the patient is caused 
to look at the fan, and if the astigmatism is corrected all the lines 
will appear of the same sharpness. 

Donders has given the name of simple astigmatism to that form 
in which one of the principal meridians is emmetropic, and makes 
a subdivision into simple hypermetropie and simple myopic astig- 
matism, according as the ametropic meridian is hypermetropic or 
myopic. 

The astigmatism is compound when both the principal meridians 
are ametropic but of the same character. Thus we see frequently 
an eye myopic in all its meridians have its myopia stronger in 
the vertical than in the horizontal meridian. An analogous 
condition is frequently found in the hypermetropic eye. In these 
cases we say, for instance, there is M. 5 D. + As. M. 1 D. in the 
vertical meridian, which is equivalent to saying that < 1orizontal 
meridian presents a M. of 5 D., the vertical a su oN of LDI 


a totalof6 D. Finally, the astigmatism is mi & en one of the 


principal meridians is hypermetropic and th r myopic. 
All these forms of astigmatism are of ent occurrence; the 
mixed form, however, is less common he others. 


Simple astigmatism is correct& by a simple cylindrical glass 
with the axis perpendicular to th etropic meridian ; compound 
astigmatism by glasses whieJare spherical on one side and 
cylindrical on the other vized astigmatism by bi-cylindrical 
glasses whose axes ar Sigal to each other. 

The first studieXin Oa were made by Thomas Young* 


bd vos .ansactions, ” 1793, vol. 83, p. 169, and “Miscellaneous 
ay ie a lo’ Thomas Young, edited by Peacock, London, 1855, vol. 7, 
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(1793), who, himself affected with a very considerable astigma- 
tism, analyzed and corrected it in a manner as ingenious as it was 
exact. 

It is very curious that this first recorded case of astigmatism 
had, contrary to the rule, its seat not in the cornea, but in the 
lens. Airy * determined and described the compound myopic 
astigmatism with which he was affected. He wore a concave 
spherical combined with a concave cylindrical glass, 

Later (1845) Sturm f established the mathematical theory of 
astigmatism, and Stokes f invented, for its determination, his 
well-known instrument composed of two cylindrical glasses, 
movable one on the other in such a manner as to produce a 
cylindrical lens of a variable strength. 

One of the most curious instances, from a historical point of 
view, is that of the curate Schnyder, of Menzberg, Switzerland, 
who had observed that he could not clearly distinguish horizontal 
and vertical wires at the same distance, and who corrected the 
infirmity by means of a convex cylindrical lens.§ In 1852 
Goullier, professor in the School of Application of Metz, sent to 
the Academy of Sciences a sealed communic sN, hich was 
opened on the 7th of August, 1865, and conta the explanation 
of astigmatism and the method of its correges by means of cylin- 
drical lenses. XS 

Since the invention of the opbit Rope, and the remarkable 
works of Donders, Javal, Erak and others, astigmatism has 
become as well known "6, 
myopia. 


erstood as hypermetropia and 


It was by means Ge almometric measurements that the 


* “Transactions Klage Philosophical Society,” vol. ii, p. 267, 1827. 
+ Comp. rend. deWA 


Ann. t. 65, p1 
is eee British Association for the Advancement of Science, for 


1849,” p. 
2 cage de la Société Guisse pour ]’Avancement des Sciences Notarelles 


et c. t. xxi, p. 222, 1849. 


. des. Scien. de Paris, t. 20, pp. 554, 761, 1238 et Pogg. 
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cornea was proved to be the principal seat of astigmatism, and the 
School of Utrecht has been mainly instrumental in introducing 
into practice the methods which are employed for its determina- 
tion and correction. 


IRREGULAR ASTIGMATISM. 


While regular astigmatism, in spite of the difference in 
curvature of the various meridians of the refracting surfaces, 
presents a regular curvature in each meridian taken singly, 
irregular astigmatism consists in a difference of curvature in the 
different parts of the same meridian. This anomaly of refraction 
may have its seat in either the cornea or lens. 

In the case of the cornea the astigmatism is most frequently 
produced by inflammatory processes and ulcers which have left 
its surface of an irregular form. Flat, or even excavated parts, 
are often found by the side of partial ectasies, and frequently each 
small part of the cornea has a curvature different from that 
adjacent to it. 

The individual is sometimes more inconvenienced by such an 
irregularity of the corneal curvature than by leucowiya because, 
Q at the first 
ecomes in the 
distinctly, straight 
urred at certain parts, 
or showing inflections and `irreg&dartťfies of all kinds. It is 
evident that such an anomaly of Action cannot be corrected by 
either cylindrical or any ot kind of glasses, because it would 
be impossible to give x s a form similar to that of the 
irregular cornea. 


the light undergoing .a very irregular refra 
refracting surface of the eye, the retinal i 
highest degree distorted. No object is 
lines sometimes appearing enlarged 


In such cases wÉ catsomewhat improve vision by a means first 
proposed by Dogders. Since the amblyopia here is due to the 
fact that thgnMferent pdrts of the cornea have different curva- 


tures x rays of light passing through them are not united 


in th e place, only that part of the cornea can be utilized for 
Y 
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vision which has an approximately spherical surface, by eliminating 
the others. 

This end is attained by means of a diaphragm having a hole 
from 1 to 2 mm. in diameter, which is held close to the eye. The 
patient soon finds the position in which the stenopaic hole gives 
the best vision, and we sometimes find the advantage gained by 
this method by no means inconsiderable. It is true that the 
illumination is diminished on account of the exclusion of a great 
quantity of the light which, without the diaphragm, would enter 
the eye; but, on the other hand, the distinctness of the object is 
much increased, because the luminous rays which have passed 
through the hole and the corresponding part of the cornea are 
united to form a single clear image on the retina. 

A form of irregular astigmatism more important and more 
common than that met with in the cornea is found in the lens, 
and up to the present time there are only two individuals who are 
known to have been exempt from it. Of these cases we shall 
speak further on. This irregular astigmatism is produced by the 
structure of the lens itself. You will remember that the lens is 
composed of many sectors, whose lines of arse Ne a kind 
of star, frequently visible by means of the (Ge illumination, 
and especially pronounced in senile catara K 

Now, the different sectors of the len not exactly the same 
curvature, and consequently the li ich passes through them 
is not brought to the same focu% each sector forming a separate 
image. Under ordinary circufadtances, and in cases where the 
irreguiarity is not ale aan the retinal images corre- 
sponding to the ON ctors overlap each other, and we see 
the object single, gh less distinctly than if the lens had 
regular surfaced, 

In othex ges the numerous images furnished by the lens pro- 
duce a ria monocularis, that is to say, the eye, instead of 
ANS gle image of the object fixed, sees many. This phe- 


no 


n has been accurately observed and described by Vulpian 
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and Donders. The classical description which they have given of 

it is to be found in the memoirs of the Society of Biology, for 

the year 1861, t. iii, p. 335 (Vulpian), and in “The Anomalies | 

of Accommodation and Refraction of the Hye,” pp. 451-545, 1864 | 

(Donders). | 
This polyopia becomes especially apparent when the eye is not 

adapted to the distance of the object that is fixed, because then 

the images corresponding to the different sectors are separated 

further from each other than when it is accurately accommodated. 
Vulpian observed his polyopia principally when looking at the 

crescent of the moon. Other observers, as La Hire, Th. Young 

and Donders, have generally used a luminous point brought quite 

close to the eye. We can, according to Donders, easily produce a 

polyopia monocularis by means of a small globule of mercury 

placed on a piece of black velvet. The globule acts as a very 

strong convex mirror, from which can be reflected a small image 

of any luminous source, such as the sun, lamp, etc. this small 

image acting as a luminous focus from which rays diverge. By 

bringing the globule to within a few millimeters of the a, instead 

of a single round image of diffusion we see es, s images, 

which, to a greater or less extent, overlap eac KS 

t 


the entoptic images furnished by the pe 


These are 
ors of the lens. 
It is this same irregularity in the str e of the lens which 


causes a luminous point to appear t if radiated. Indeed, is 
it not surprising that the amine bodies, in spite of 
u 


their spherical shape, make on he “human eye, not the impression 
of round, luminous points, b e impression of bodies with rays ? 
From this E N ave the extension of the word stellate 


to all bodies ae ant 


that human eyes for all time presented the same irregular 


similar appearance. This fact is a proof 


PEITA *<Mre are only two examples known of men having 
possession RA eir crystalline lenses that were exceptions to this 
a 


rule. s a tailor, named Schoen, of whom Alexander von 


Sy reported that the stars appeared to him as points clearly 


TÀ 
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rounded. The other is in the person of one of my own pupils. 
Mr. D. has never been able to understand why the stars are 
compared to figures with radiating lines. They appear to him as 
luminous points without any rays. The lenses of Schoen and 
Mr. D. must have been constructed with great exactness, or the 
irregularities of the anterior surface of the lens must have been 
neutralized by the irregularities of an opposite kind on the 
posterior surface. 

We are able, however, to put ourselves in conditions analogous 
to these fortunate men by looking at the stars through a 
diaphragm perforated with a small hole. In this way we deprive 
the stars of their rays, and reduce them to small, luminous points, 
because their images are formed on our retinæ by only one of 
the sectors, or by a part of the lens which has approximately 
the same curvature throughout its whole extent; only, the 
luminous points appear less brilliant to us than they must have 
appeared to Schoen or do to Mr. D., since they saw them through 
the whole extent of their pupils, while we see them only through 
an excessively small pupil, the stenopaic hole in ae 

The irregular astigmatism of the lens does n fluence vision 
very much under ordinary conditions, but a become a very 
serious obstacle in astronomical Opscevaniemy Irregular astigma- 
tism renders it impossible to determi exact point of contact 
of two bodies. 

Thus, if you close one eye ae with the other, the ends of 
the thumb and index finger an bring them together gradually, 
you will observe that be ontact there will be formed between 
them a kind of Ira hat they appear to run into one an- 


other, as it wer 

This aN is the result of the irregularity of the lens 
which we hae just been studying, and which prevents the forma- 
tion of KSA absolutely clear, on our retinæ, and, consequently, 


+ 


NN ee the exact determination of the moment when 


thes 
Ss 


o fingers touch each other. 
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This fact attracted considerable attention in connection with 
the observation of the transit of Venus across the face of the 
sun. It was a question as to how it would be possible to tell the 
precise moment when the edge of the disc of Venus came in 
contact with that of the sun, and the moment when the two 
separated. 

It was Giraud-Teulon who, giving the explanation of the 
phenomenon, indicated the method to obviate it.* We have only to 
arm ourselves with a stenopaic hole, in order to make the contours 
clear, and the difficulties are removed. If we place before the eye 
a card perforated with a hole 0.5 millimeter in diameter, we will 
see that the drop is not formed between the fingers. 

Irregular astigmatism changes with the alterations in the 
structure of the lens; and it is especially observed during the 
formation of cataract. You frequently hear aged persons say 
that since a certain time the stars present more and longer rays, 
that such and such a star seems to have satellites, or that the moon 
appears multiple. In such cases you will nearly always find 
opacities of the lens on examination with the oblique light. 

After a successful operation for cataract, at a 
disappears, but only to give place, in many ca o a regular 
astigmatism coming from a change in the for e cornea, due 
to the cicatrization of the wound. This asti ism can, however, 
be corrected in the majority of cases b drical glasses, while, 
for irregular astigmatism there is, @sid® from extraction of the 
lens, no remedy but the stenopaic K. 


* Ann, 2 , t. lxviii, p. 39. 
N 
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LECTURE VIII. 


THE CAUSES OF AMETROPIA. 


GENTLEMEN :—As many of you have expressed a desire that I 
should consider yet further the causes of ametropia, I take this 
opportunity to give a general outline of the various causes which 
may render an eye ametropic, and of the mariner in which I would 
have the matter considered. 

You will remember that in all questions pertaining to the optics 
of the eye we take, as a standard, the emmetropic or normal eye. 

The emmetropic eye is one in which the retina is at the focus of 
its dioptric system. Its usual length is 23 millimeters; but this 
is by no means a characteristic of emmetropia, which is in reality 
only a relation between the length and the refracting power of the 
eye. We can easily conceive of an eye shorten 23 milli- 
meters but possessed of a more than usual ong refracting 
power; or of one longer with a dioptric sy, Ne power. In 
both of these cases the retina may be in the focus of the 
dioptric system, and the eye, eae, , be emmetropic. 

When the retina is not found & the focus of the dioptric system 
the eye is ametropic, and it maGXppear under two forms :— 

a. The retina may be 7 nt of the focus (hypermetropia). 

b. The retina may. d the focus (myopia). 

These roma on can be produced by a variety of 


Causes. 


Causes of ermetropia.—in hypermetropia, as we have said, 
parallel reQyyare united behind the retina. The hypermetropic 
eye X re, possesses a refracting power too weak in relation to 

h 
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This may be due to the fact that, while possessing a dioptric 
system equal in its refracting power to the emmetropic eye, it is 
shorter than normal. We call this form axial hypermetropia, H°. 

On the other hand, an eye which has the same length as an 
emmetropic eye will be hypermetropic if its refracting power is 
too weak to unite parallel rays on the retina. This is refractive 
hypermetropia, H”. 

The dioptric system of the human eye being more constant than 
its length, axial ametropia is more frequent than the refractive 
form, although a difference in the radius of curvature of the 
cornea has a much greater influence on the refraction than a 
similar difference in the length of the ocular axis. 

The animals which we have examined as regards their refrac- 
tion by means of the ophthalmoscope, such as frogs, rabbits, cats, 
dogs, etc., are all hypermetropic, sometimes as much as three or 
four dioptries (about No. 10 of the old system). This fact is the 
more surprising as their ciliary muscles are not well developed, 
and it is highly probable, therefore, that they cannot accommodate 
accurately for objects close at hand. ş 

Infants are, in the majority of cases, hypermetro So n many 
of those who afterward become emmetropic a yopic. ‘The 
ophthalmometric measurements of Donderey nd others have 
proved that the cornea is not generally l Aè than that of 
emmetropes and myopes. We are, OS, warranted in con- 
sidering hypermetropia, in the matarity of cases, as an arrest of 
development of the globe of the e 

We class also as axial hy tropia the hypermetropia which 
we find at the periph G of the retina, even in those eyes 
which, in the direction heir axes passing through the macula, 
are emmetropic or(ayppic. These parts are closer to the cornea 
than those sity in the line of the principal axis of the eye. 
Finally, we OY, as striking examples of axial hypermetropia, 
that whf@[\u8 caused by tumors under the retina, detachment of 


the rù and optic neuritis. 
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Refractive hypermetropia may be due to an insufficient 
convexity of the refracting surfaces, cornea and lens (hyper- 
metropia from an anomaly of curvature, H°), or to a diminution 
of the index of refraction of the aqueous humor or crystalline lens, 
or to an increase in the refraction of the vitreous humor 
(hypermetropia from insufficiency of the index of refraction, H). 

H° has been demonstrated by Donders, Mauthner and others, 
in cases of flattening of the cornea in kerato-malacia, and 
ulcerations of the cornea resulting in a lessened curvature. It is 
found in advanced age (beyond 70 in emmetropia), most probably 
in consequence of flattening of the lens. We may also class under 
this head cases of simple hypermetropic astigmatism, where one 
meridian is hypermetropic and the other emmetropic. 

Hi is represented in aphakia and dislocation of the lens. 
The hypermetropia of advanced age is also, probably, due, in part, 
to the lessened index of refraction of the lens as a whole, caused 
by the corticalis becoming more nearly of the same density as the 
nucleus. 

In certain exhausting diseases, such as ak index of 


refraction of the lens may undergo a modificati he hyper- 


metropia often found in the glaucomatous tion is due to a 


lessening of the curvature of the corne increased pressure 
from within, which causes the eyeball oS o in form, more 
nearly to a perfect sphere. It is 

Causes of Myopia.—Myopi Kccording to the definition we 
have given, is due to an exc ree length of the eye in relation 
to its refracting power. Pc a condition, parallel rays are 
brought to a focus i hy 

We here, Ge Stinguish two forms (a), an axial myopia, 


the retina. 


M?, in which, the 
emmetropie Gry, the axis is longer than that of the emmetropic 
eye (23 Q and (b) a refractive myopia, M", where the length 


of S is normal, but its refractive power too great. 
Ç myopia, M?, may be congenital, and due to an exaggerated 


ioptric system being the same as that of the 


pe 
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development of the eye, or it may be acquired, and caused by 
diseases which bring about an elongation of the globe in its 
antero-posterior diameter, such as choroiditis, staphyloma posticum, 
etc. These two forms are very frequent. 

You will find, in nearly all treatises on ophthalmology, myopia 
described as a serious disease which is liable to bring about 
choroiditis, alterations at the macula, staphyloma posticum, and 
even choroidal hemorrhages, and detachment of the retina. 

Properly speaking, myopia is not a disease, it is only a symptom 
indicative of a discrepancy between the length of the eye and the 
focal distance of its dioptric apparatus. It is not the myopia 
which produces the choroiditis and staphyloma posticum, it is 
the choroiditis which brings about the staphyloma posticum, which 
in its turn removes the retina beyond the focus of the dioptric 
system, 

Thus the defenders of the theory generally accepted in regard 
to myopia will be much embarrassed when they are shown a hyper- 
metrope with a crescent at the edge of the optic disc, a papilla 
obliquely placed, and even with a staphyloma; in aw with all 
the conditions at the fundus of the eye which a edretically 
characteristic of myopia. According to our m of looking at 


the matter there is no difficulty in explaing his condition of ` 


affairs. In fact, no eye is safe from $) tack of choroiditis 


posterior; the emmetropic and hyper} 
as well as the myopic, because it © t the state of the refraction 


that is the cause of it. At th inning the morbid process is 
not sufficiently intense to raps all the unfortunate conse- 


quences we have mention@@y 


ic eye can be affected 


sclerotic does not give way, there 
is no staphyloma, anéy a staphyloma does form in a strongly 
hypermetropic eye\it will lessen the hypermetropia and render it 
emmetropic, ann Cat is not always the case that the staphyloma is 
so extensive @» change a hypermetropia into a myopia. 

In thi we can account for the fact that the same work, 


the safagMatigue of the eye, undue approximation of objects, work 
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under insufficient illumination, the use of concave glasses, etc., do 
not entail myopia upon the millions of individuals who are daily 
exposed to these injurious influences, while in others myopia is 
developed even with a moderate use of the eyes, and progresses in 
spite of a cessation of the work. These facts cannot be explained 
so long as myopia is looked upon as a disease per se. It should be 
looked upon in these cases as a symptom of a choroiditis posterior, 
for which we must endeavor to find a cause, and this is often found 
in some general morbid condition. It is evident that myopia will 
be developed more rapidly, and attain to a higher degree, in eyes 
that are already relatively long, emmetropes and slight myopes, 
such as we frequently find in connection with an undue develop- 
ment of the orbit and skull in the antero-posterior axis. Thus 
race becomes a probable factor in the development of myopia. 

M't—myopia from excess of refraction—can be divided into 
myopia from excess of curvature, M°, and myopia from excess of 
index of refraction, Mİ. 

An increase in the curvature of the cornea is not very frequent, 
but more frequent, however, than is commonly suppysed. It is 
very pronounced in conical cornea and anterior s loma. Thus 
the anterior and posterior staphyloma act ee to produce M; 
the first principally by increasing the cupro e of the cornea, the 
last by increasing the length of the e 

The myopia which an emmetrop Ncs when he accommo- 
dates for near objects is an exaf&ple of M°. In luxation of the 
lens, the curvature of its gurfetes is increased, since they are 
removed from the actio he zone of Zinn, which keeps them 
flattened. Under WE head must be ranged the myopia 
which Jager has fo new-born infants, and which he attributed 
to a disproportidy Jetween the development of the lens and that 


of the ciliaryGauscle. 

As Mi © ust class those cases where the index of refraction 
of see has been increased by age, a condition which, in this 
casé\Qounterbalances the flattening of the cornea. This form of 
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myopia is also seen at the beginning of cataract.* We are not 
aware that a diminution of the index of refraction of the vitreous 
humor has ever been observed, but such a condition would cause 
a myopia of this kind. 

Diagnosis of the Causes of Ametropia.—Is it possible to 
discover in the living eye, in any given case, the cause of its 
ametropia? It is assuredly not difficult to determine whether an 
eye is emmetropic, hypermetropic or myopic, and even the degree 
of its ametropia, but it is a much more difficult matter to discover 
the cause of the ametropia when found to exist. 

In order to find, for example, if an eye with a given myopia 
is longer than an emmetropic eye, or if, its length being normal, 
its refracting surfaces are too convex, or finally, if it is its index 
of refraction which has increased, it is necessary to determine the 
length, curvature and index of refraction of that eye, or, at least, 
two of the three factors from which we can deduce the other. Is 
such a determination possible during life? Yes, it is possible, 
but not always easy. 

Physiological optics has the means of measuring ASET 


with very great exactness all the data pertaining t fraction 


of the eye, but they are not always applicable i 
I. As regards the length of the ey 


fhary practice. 
can judge of it 
approximately in the very easy and simp nner which we have 
already mentioned. Open the lids nd draw them some- 
what outward, and cause the eke to look as far as possible to 
the opposite side. We are in this‘Way enabled to judge, both by 
sight and touch, of the le of the eye and the form of its 
posterior portion. Thj Gp examination, rough though it may 
seem, will give ver io 

*The “second sig sof old people, of which almost every community 
furnishes an insta" due to the development of M, either from an increase in 
the index of re of the lens or a lengthening of the antero-posterior axis. 
There is, in ases, no rejuvenescence. The individuals are enabled to see 


near at, AN ithout the aid of the glasses they formerly used, but this power is 
acqui e expense of good distant vision. See paper in Amer. Jour. Med. 


tant indication to one who will practice 


ae , 1877.— Translator. 
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it often. Very frequently axial myopia of very low degrees can 
be made out by it. i 

In the second place, we have the ophthalmoscope, which shows 
us the displacements which the retina suffers; whether a neoplasm 
or hemorrhage pushes it forward, and thus produces an axial 
hypermetropia, or whether it is pushed backward, as in staphy- 
loma posticum, thus causing myopia. It may be well to say that 
I apply the term staphyloma posticum only to true ectasias, and 
not to the small crescentic pigmentary atrophies at the edge of 
the optic disc. 

A true staphyloma producing a difference between the level of 
its base (the macula) and the neighboring parts, is characterized 
by the difference in the refraction between its centre and its edge; 
frequently by the form of the vessels, which appear to bend in 
descending into the excavation; and finally, by the oblique 
position of the papilla, in the very common cases where it is 
involved, in part, in the ectasia. The binocular ophthalmoscope 
renders good service in enabling us to appreciate the real depth 


of the staphyloma. ş 

In 1873 I pointed out a oe at the thalmological 
Congress in Heidelberg, which could be use determining the 
length of the eye. It is, however, too c ted to be acceptable 
in practice. Recently Nagel has bag 


for the same purpose.* 


rward another method 


11. The measurement of th rvature of the cornea and the 
other refracting surfaces 9 Q eye cannot be made otherwise 
than by means of the a of reflection which these surfaces 
furnish. 

The ophthal as is well known, is the means employed 
in making the pAs 
This ‘O ent enables us to measure the different refracting 


surface tO the eye with an exactness that will never be equaled 


ANY 


5 * Centralblatt f. Prac. Augenheilk, Mai, Juin, 1878. 


er method of measurement. But the ophthalmometer 
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of Helmholtz is not easily manipulated, and is rarely at the 
disposition of the practitioner. 

I have myself constructed an ophthalmometer, based on the 
principles of my diplometer, which is more simple and much 
easier managed than that of Helmholtz. By means of this 
instrument we can measure the curvature of the cornea with so 
much exactness (the image of reflection can be measured to => of 
a millimeter) that a knowledge of the curvature of the cornea can 


always be in the hands of the practitioner. And you must 
remember that this is the most important surface of the whole 
dioptric system, since it separates the air and the refracting media 
of the eye; two media whose indices of refraction differ more 
widely than those of the aqueous humor and crystalline lens. 
From this fact, the influence of the curvature of the cornea on 
the course of the rays coming into the eye is much greater than 
that of the crystalline lens. 

It is otherwise for the surfaces of the lens. The ophthalmometer 
is not applicable for these measurements, and the procedures 
which could be used for them are very complicated, beth as to 
their execution and the calculations which they rape But if 


we know that an ametropia is due to an anomal urvature of 


some of the refracting surfaces, we have o determine the 
curvature of the cornea; if this is normal Nors the lens which is 
at fault. When, on the other hand, vature of the cornea 


already gives an explanation of the Sue opia, we have no need to 
occupy ourselves with the lens. O 

In practice, however, we , in certain cases, an indirect 
means of knowing whether etropia is to be attributed, or not, 


to the form of the as is is atropinization. Ifa myopia dis- 


appear under the i ce of atropine, we know that it is due to 


an anomaly of cy#yature caused by undue convexity of the anterior 
surface of theds®. ` This, however, is not a case of pure myopia. 
The mygpi ich is caused by spasm of accommodation is called 
appari It is only a true ametropia from anomalous curvature 


~\ 
ML 
X% 
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when the lens retains its convexity after the paralysis of accom- 
modation. 

If we find a myopia with loss of accommodation, brought about 
suddenly through a trauma, or even without assignable cause, we 
may know at once that there is a partial luxation of the lens, 
which, being brought out from under the action of the zone of 
Zinn and left to its own elasticity, assumes a more convex form. 

11. It is not possible to practically determine the index of 
refraction of the aqueous humor, the lens and vitreous humor, but 
the researches in physiological optics have shown that the index 
of refraction of the dioptric media vary but little, and that it is 
essentially the same in all healthy eyes. 

The only known exceptions to this rule are: Ist. General 
diseases accompanied by great loss of the nutritive fluids of the 
body, as diabetes, Bright’s disease, excessive hemorrhages, etc. 
2d. Changes in the structure of the lens, especially those accom- 
panying age and the development of cataract, changes which are 
revealed, by means of the ophthalmoscope, through a brighter 
reflex from the surface of the lens. 

The fact that in the great majority of cases nor of refrac- 


tion of the eye can be -considered as cons very materially 


simplifies our differential diagnosis. ct, it is usually only 
necessary to determine whether a give ropia is to be attributed 
to an anomaly in the length of 15) of the eye, or an anomaly 
in the curvature of its refracting su 
being known we have, of necksdty, the other. 
Take, for example, a Ge in which we have found a hyper- 
Y If the individual is not affected with 


one of the general es we have mentioned, we have only to find 


Tiaces, and one of these factors 


metropia of four di 


the length of Gop is of the eye; if it is shortened we know that 
we have tọ @p with an axial hypermetropia, and not with a hyper- 
metropi lessened curvature, and there will be no need to 
RNV curvature of the cornea and lens. In cases where we 


o discriminate between a hypermetropia from deficient 


W 
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curvature of the cornea and of the lens, we can measure the first 
directly, and by exclusion arrive at the condition of the latter. 

On the other hand, if we know already that a myopia is due to 
an excess of curvature of the cornea, we lose no time in useless 
therapeutics, while, on the other hand, excellent results are ob- 
tained from continued atropinization, in cases where the myopia is 
caused by an undue convexity of the lens (spasm of accommoda- 
tion). Finally, if we are dealing with that form of progressive axial 
myopia of which we have spoken previously, we must not expect 
any great results from atropinization, but should direct our atten- 
tion to the choroiditis and sclerotitis posterior, and the general 
conditions which favor their production. 

We do not assert that all cases of ametropia are so simple as 
those related, and that each case can be referred to a single cause. 
It is evident that many influences can concur in the production of 
any single case; but this does not invalidate the general fact that 
there are many forms of ametropia distinctly marked, and several 
very clearly distinguishable causes; and if account is taken, in 
each case, of the form and cause of the ametropia, zo TA 


concerning the prognosis and the therapeusis of t ffections 


will certainly be as exact as they are in the cases ccur under 
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LECTURE IX. 


ACCOMMODATION. 


GENTLEMEN :—As with all optical instruments, the dioptric 
apparatus of the eye can furnish distinct images of objects only 
when they are situated at one and the same distance. When the 
distance is changed the apparatus must be modified. 

In a condition of perfect repose the eye possesses its minimum 
power of refraction (which we will call r). It is then adapted, as 
we have said, to the greatest distance at which it is able to see, 
that is to say, to its punctum remotum. If we call this distance 
R, we have as the expression of the refracting power of the eye 


: 1 
in a state of rest, r = = ~\ 
n 


The emmetropic eye, therefore, in a co of complete 


repose, is adapted for objects situated at NYY, and cannot see 
those objects distinctly which are near ue . Its R is at infinity, 
consequently r is = 4 = 0. ~ 

The hypermetropic eye is ad or a point beyond infinity, 


that is to say, for rays conveying toward its punctum remotum 
(negative) situated at a oF ce — R behind it; r is therefore 


negative (— 5 = — ) 
The myopic e @ e punctum remotum is situated at a 
So of it (+ R) is adapted for that distance ; 

its r is positite f- = + r). 


certain distance g 


An eyen a state of repose, does not see at a nearer distance 


than HYnctum remotum, because its dioptric apparatus is too 
f bring the rays coming from the objects at that distance 
YY focus on the retina, 
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Take as an example an emmetropic eye (Fig. 18). Its punctum 
remotum being at infinity, that eye is adapted for parallel rays. 
It will not see closer, for example, than the point P. The rays 
coming from P are united, as you see, behind the retina at z. In 
order that they be united on the retina, it is necessary either to 
render parallel the divergent rays coming from P, or to increase 
the refracting power of the eye to such a degree that it shall unite 
them on its retina in g’’, and not in z. 

If you place in front of the eye a positive lens whose focus is at 
P, it will render the rays coming from P parallel, as if they came 
from R, that is to say, from infinity. The emmetropic eye by the 
aid of this glass will, therefore, see as well at the short distance 
P as it does at infinity without a glass. 


FIG. 18. 


Now, we are able to see near at hand as well a distance, 
and that, too, without the intervention of a ex lens. It is 
necessary, however, that a certain yest t is true, but still 
appreciable—elapse in passing from t jon of an object ata 
distance to one close at hand. We an even feel, especially when 
the change is effected suddenly, thatthe eye makes a certain effort 
in altering its fixation. Duri is time the effort which we have 
put forth has added to th c system the convexity necessary 
to enable us to see nea nd The increase in the refracting 
power necessary to Caie the adaptation of the eye from r to p, 
an increase whichOwe saw the convex lens bring about in a condi- 
tion of repose ($ wifected in the eye itself. It is the crystalline 
lens whi GÙ rgoes the change of form necessary to accommodate 


the eye objects close at hand. No one at the present time 
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disputes the fact that the accommodation is due to an increase in 
the convexity of the lens. The proofs are too numerous and too 
well known for me to recount them to you here. 
As to the manner in which this increase in the curvature of the 
lens is brought about, experiment has demonstrated the following :— 
The accommodation is effected by means of the contraction of 
the ciliary muscle. This muscle is situated in and beneath the 
ciliary body. It takes its origin in the tissue of the choroid, and 
is inserted in the border of the canal of Schlemm (S, Fig 19), 
Ae a6 which forms the fixed point when 
the muscle contracts. By its con- 


traction the ciliary muscle causes 
the ciliary body to advance. The 
zone of Zinn, which is attached to 
the ciliary body, is relaxed, and the 
lens which had been more or less 
flattened by the tension of the zone 
of Zinn, is left to its own elasticity, 
and assumes more ey the form 
of a sphere. 


ror face of the lens 
ipally affected by this 


Wa oming more convex ; the 


oÈ face, incased in the vitre- 
3 é humor, preserves its form al- 
ost unaltered. In this manner the 
lens adds to itself, so to speak, a 
.Ane positive meniscus, which has the 
same effect as the convex lens placed 

in front of it, ro is to say, it increases its power of refraction. 
If thera sted a muscle which would increase the tension of 


the KY Zinn, its action would be to flatten the lens, and in 


e there would be a diminution of refraction, or in other 


t 
accommodation for objects situated beyond its punctum 
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remotum. Such a muscle would be of great service to myopes, 
but unfortunately it has no existence, and there can, consequently, 
be no negative accommodation. When the lens is flattened through 
relaxation of accommodation, it is only abandoned to the elasticity 
of the zone of Zinn. The action of the ciliary muscle is confined 
to increasing the curvature of the lens; accommodation can only 
be active and for near distances. 

The nearest point for which the eye can accommodate itself is 
called the punctum proximum (P). The distance between the 
punctum remotum and punctum proximum is called the range 
of accommodation. It is the distance over which the eye has 
command by the aid of its accommodation. The force necessary 
to change the eye in its adaptation from its punctum remotum (r) 
to its punctum proximum (p) is called the amplitude of accommo- 
dation (a). Consequently, the amplitude of accommodation (a) is 
necessarily represented by the difference in the refraction of the eye 
in a state of complete rest, and at its maximum of accommodation— 


a = p — r. 

Since the accommodation has the same effect as wher lens 
which would enable the eye deprived of its acco ation to see 
at its punctum proximum, we can express xÊ ommodation by 


the number of this lens. The accommod is, therefore, equal 
to a convex lens which would give oe: coming from the 
punctum proximum a direction as i © came from the punctum 
remotum. What will be the powe Q? that lens ? 

We have already said that he emmetropic eye the focus of 
the lens should coincid he punctum proximum, since it 
should render parallel Na rays coming from that point. 

erefore, equal to the distance which 
separates the puggtum proximum from the eye. If this distance 
is 25 centi s the lens will have a refracting power of 


100 — CS the amplitude of the accommodation (a) will be 
Saad, INN 


Its focal distance(isy 


2 
Y 
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The whole of this refracting power serves to adapt the eye for 
positive points situated within infinity. We call this positive 
refracting power p. We have, therefore, for the emmetropic eye— 

a = p — 0 = p. (1.) 

In order to determine the amplitude of accommodation of an 
emmetropic eye we have only to find the shortest distance at 
which the individual can read the smallest printed characters.” 
This distance is the focal distance of the lens corresponding to 
the amplitude of accommodation. If we divide 100 by this dis- 
tance expressed in centimeters we have the number of dioptries 
which, for emmetropia, expresses both the amplitude of accom- 
modation a and its positive refracting power p. If you are emme- 
tropic, and look at a distant object through a concave lens, you 
experience the same fatigue as when you fix an object close at 
hand. The concave lens causes the parallel rays to diverge, as if 
they came from a point nearer at hand, the focus of the lens, in 
fact. In order, therefore, to see through this concave lens the eye 
must put in play the same accommodative power asywhen it looks 
at an object at the focus of the concave lens. Ye Mommodation 
must overcome the influence of the concave | y increasing the 
refracting power of the eye precisely in & ame degree as the 
negative lens diminishes it. 

We can, therefore, likewise LON the accommodation by 
means of a concave glass. T Ongest negative lens through 
which an emmetropic eye can Gyt see clearly at a great distance 
measures the amplitude Qits accommodation. An emmetropic 
eye which can overco No. 11 concave in looking at a distance 
has an amplitude ccommodation of 11 D, and its punctum 
proximum is ¢tugtéd at 12,2 — 9 cm. in front of the eye, since 
the concayefens causes parallel rays to diverge as if they came 
from its (9 cm. behind it). 

RC Mecommodation of Hypermetropes.—The hypermetropic 


N * See Lecture on The Acuteness of Vision. 
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eye presents, in a condition of repose, a deficiency of refraction. 
The r which represents this deficit is, consequently, negative 
(— r). To see at infinity, or, in other words, in order to become 
emmetropic, the hypermetrope has need of a convex lens, or an 
effort of accommodation equal to his deficiency of refraction. 

A hypermetrope who wishes to see at the same distance as an 
emmetrope has, therefore, to employ a part 7 of his accommoda- 
tion more than the emmetrope. In expressing the amplitude of 
accommodation, the power necessary to adapt the hypermetropic 
eye to infinity must evidently be added to that which changes the 
adaptation from infinity to the punctum proximum. We write, 
therefore, for the amplitude of accommodation of hypermetropia— 


a = p —(—r)=p +r. (2.) 


What is the amplitude of accommodation of a hypermetrope of 
3 D whose punctum proximum is situated at 20 cm.? He has 
need, to begin with, of 3 D = r in order to render him 
emmetropic, and to adapt an emmetropic eye to 20 cm. there is a 
further need of 5 D (42,0 = 5). His amplitude of accomodation, 


< 
Oy 


a=—5+8=8D, & 
Up to what distance can a hypermetrope Se read who has a 
power of accommodation of 7 D? Of 7 D it requires 4 for 
him to see at infinity, and there onfg remain 3 D which can be 
used for near vision. His punSdm proximum is, therefore, 
199 — 33 cm. From equaj O2) we have, then, p = a — r. 
You see, therefore, that ON of 4 D, though possessing 


an amplitude of accom ion of 7 D, can see no nearer than an 


therefore, amounts to 


emmetrope who poespss an amplitude of only 3 D. Inversely, 
if an emmetrope Gal a hypermetrope see at the same distance, the 
latter has 1G) dreater amplitude of accommodation. Take a 
hypermeygde ‘of 5 D and an emmetrope, both having their puncta 


proxim 16 cm. In order to see at that distance the emme- 


' 2 
Ss 
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The whole of this refracting power serves to adapt the eye for 
positive points situated within infinity. We call this positive 
refracting power p. We have, therefore, for the emmetropic eye— 


& = p — v= Pp: (1.) 

In order to determine the amplitude of accommodation of an 
emmetropic eye we have only to find the shortest distance at 
which the individual can read the smallest printed characters.* 
This distance is the focal distance of the lens corresponding to 
the amplitude of accommodation. If we divide 100 by this dis- 
tance expressed in centimeters we have the number of dioptries 
which, for emmetropia, expresses both the amplitude of accom- 
modation æ and its positive refracting power p. If you are emme- 
tropic, and look at a distant object through a concave lens, you 
experience the same fatigue as when you fix an object close at 
hand. The concave lens causes the parallel rays to diverge, as if 
they came from a point nearer at hand, the focus of the lens, in 
fact. In order, therefore, to see through this concave lens the eye 
must put in play the same accommodative power asqhen it looks 
at an object at the focus of the concave lens. MXC mmodation 
must overcome the influence of the concave | y increasing the 
refracting power of the eye precisely x ame degree as the 
negative lens diminishes it. 

We can, therefore, me, der) e We accommodation by 
means of a concave glass. Se Yongest negative lens through 
which an emmetropic eye ao see clearly at a great distance 
measures the amplitude ts accommodation. An emmetropic 
eye which can over o. 11 concave in looking at a distance 
has an amplitude ee of 11 D, and its punctum 
proximum is Qtug%d at 42° — 9 cm. in front of the eye, since 
the concayegaps causes parallel rays to diverge as if they came 
from its ‘os (9 cm. behind it). 

ecommodation of Hypermetropes.—The hypermetropic 


N * See Lecture on The Acuteness of Vision. 
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eye presents, in a condition of repose, a deficiency of refraction. 
The r which represents this deficit is, consequently, negative 
(—r). To see at infinity, or, in other words, in order to become 
emmetropic, the hypermetrope has need of a convex lens, or an 
effort of accommodation equal to his deficiency of refraction. 

A hypermetrope who wishes to see at the same distance as an 
emmetrope has, therefore, to employ a part r of his accommoda- 
tion more than the emmetrope. In expressing the amplitude of 
accommodation, the power necessary to adapt the hypermetropic 
eye to infinity must evidently be added to that which changes the 
adaptation from infinity to the punctum proximum. We write, 
therefore, for the amplitude of accommodation of hypermetropia— 


a=p—(—r)=ptr. (2.) 


What is the amplitude of accommodation of a hypermetrope of 
3 D whose punctum proximum is situated at 20 cm.? He has 
need, to begin with, of 3 D = r in order to render him 
emmetropic, and to adapt an emmetropic eye to 20 cm. there is a 
further need of 5 D (42,0 = 5). His amplitude of accommodation, 


therefore, amounts to EAN 


C200 ge 6.1), & 


Up to what distance can a hypermetrope ae read who has a 
power of accommodation of 7 D? i, 7 D it requires 4 for 
him to see at infinity, and there ony re ain 3 D which can be 
used for near vision. His pun proximum is, therefore, 
190 — 33 cm. From equat I2) we have, then, p = a — r. 
You see, therefore, that ON of 4 D, though possessing 
an amplitude of accom ion of 7 D, can see no nearer than an 
emmetrope who poesy an amplitude of only 3 D. Inversely, 
if an emmetrope a hypermetrope see at the same distance, the 
latter has thé) reater amplitude of accommodation. Take a 
hyperm of 5 D and an emmetrope, both having their puncta 
proxim N 16 cm. In order to see at that distance the emme- 
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trope has need of 19° —6 D; the hypermetrope of 6 + 5 = 
1D; 

The Accommodation of Myopes.—In order to see at the same 
distance as an emmetrope the myopic eye has need of less 
accommodation, because, already in a condition of repose, the 
myopic eye is adapted to a distance for which the emmetropic eye 
has to accommodate. In order to find the amplitude of accommo- 
dation of a myope it is necessary to subtract the refracting power 
(+ r), by which the myope surpasses the emmetrope, from that p, 
which would adapt the emmetropic eye to the punctum proximum 
of the myope— 


& = p — r. (3.) 
A myope of 12 D who sees up to 6 cm. (p = 122 — 16 D) has 
an amplitude of accommodation of 16 — 12 = 4 D; and a 


myopic eye of 4.5 D which disposes of 5.5 D amplitude of accom- 
modation has its punctum proximum at 10 cm., because the totality 
of its positive refracting power is composed not only of its ampli- 
tude of accommodation, but also of its myopia, AW together 
amount to 5.5 + 4.5 = 10 D, and which corregon 


distance of 10 cm. (p = a + 7), & 


to a focal 


CONVERGENCE AND ST SMUS. 


The accommodation is not hY factor which comes into 
play in near vision; acco must also be taken of the 
convergence. 


The closer an object ¿å Csoroached to the eyes, the stronger 
must be the amy QF and the convergence, in order that 
there may be digtt et and binocular vision. In looking at a 


distance, on th& cfntrary, the two muscular efforts diminish pare 


passu. + © 

These @itancous actions of the muscle of accommodation and 
th CAN recti muscles are so intimately associated, the one 
ENS other, that they can scarcely be effected separately; it 
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is extremely difficult to converge without accommodating or to 
accommodate without converging. If we could direct the eyes 
parallel, as for vision at a distance, and make at the same time an 
effort of accommodation, we could unite stereoscopic photographs 
in single image without the aid of a stereoscope. This experiment, 
however, can only be successfully carried out after a long practice, 
and a given degree of convergence corresponds ordinarily to an 
equal quantity of accommodation.* 

It is for this reason that the punctum proximum of a single eye, 
the punctum proximum monocularis, is a little closer than the 
punctum proximum binocularis. A single eye can accommodate 
for this near point by means of an increased convergence, during 
which the visual line of the other eye passes to the inner side of 
the point of fixation. To this increased convergence corresponds 
a higher degree of accommodation. 

It is this intimate relation between accommodation and converg- 
ence which produces most frequently the convergent strabismus of 
hypermetropes and possibly the divergent strabismus of myopes. 

It was Donders who first called attention to the fach that the 
great majority of persons affected with converge STe 
are hypermetropes, and that for the higher d s of hyper- 


metropia strabismus becomes the rule. He&płains the fact in 
the following manner: the hypermetrope always need of his 
accommodation ; for objects near at h is effort becomes more 


and more difficult; involuntarily h& has recourse to an excess of 
convergence, because he can thus Osmmodate for a nearer point. 
But since he converges Oe the object fixed requires, he 


* The correlation meneg Ng nce and accommodation is not, however, 


absolute. The experiments nders and Loring have shown that the two eyes 
can see distinctly at th istance, even when weak concave or convex glasses 
are used. a T iru a change of convergence the accommodation 
can be modified. , Wtkewise, in placing a feeble prism in front of one eye, the 
angle of the PENs turned outward or inward, we are still able to have 
binocular visi the same distance. This proves that the convergence can 
vary up t¢ ain point without a modification of the accommodation. The 
amplitu' NY accommodation which is possible for the same convergence is 
EY elative amplitude of accommodation. 


ST 
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cannot see with the two eyes at once. One eye or the other is 
deviated inward, in such a manner that the visual line passes to 
the proximal side of the object fixed, while the other fixes it 
accurately. In this way the foundation is laid for a convergent 
strabismus. 

This becomes habitual if the hypermetrope continues near work 
without supplementing his accommodation by the employment of 
convex glasses. One fact which speaks strongly in favor of this 
explanation of the origin of convergent strabismus is, that recent 
cases of strabismus are cured by the simple correction of the 
hypermetropia by means of convex glasses. 

Donders explains in an analogous manner the tendency to 
divergent squint which is found in myopes. A myope demands 
but little accommodation. Now, we can most easily relax the 
accommodation by converging as little as possible. When this 
tendency is pushed to excess it ends in the exclusion of one eye 
from vision, and renders the visual lines for near vision nearly 
parallel, and for distant vision divergent. This is the beginning 
of the strabismus divergens which shows a tendency to increase, 
especially when it is confined to one eye. xe 

Possibly the divergent strabismus is but a 


geration of the 
insufficiency of the internal recti, of whic have spoken in the 
fifth lecture, an insufficiency which į 


fatigue of these muscles. O 


3 


WSelf only the result of 
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LECTURE X. 


THE INFLUENCE OF AGE ON THE AMPLITUDE OF 
ACCOMMODATION. 


GENTLEMEN :—We have said that the accommodation depends, 
on one hand, on the contraction of the ciliary muscle, and, on the 
other hand, on the elasticity of the lens. As age advances the 
ciliary muscle loses, by degrees, its contractility, and the lens its 
elasticity. These two factors—the feebleness of the ciliary muscle 
and the increasing hardness of the lens — have necessarily a 
restricting influence upon the accommodative power. 

It is somewhat strange that this diminution of the accommo- 
dating power does not wait for the physiological, so to speak, 
decrepitude which constitutes old age, but begins at a time when 
all the other faculties are progressing in their Yent. 
Already, at the tenth year, the accommodation na begins to 
grow feeble, and its amplitude to diminish. 

Donders, who discovered this fact and e S the laws that 
govern it, has given a diagram which {ep ents the amplitude of 
the accommodation at the different fer LS) of life (Fig. 20). 

The figures in the horizontal wx the diagram indicate the 
ages, and those in the vertic Gre to the left the corresponding 
dioptries. S 

The curve r r orr N to the refraction of the eye in a 
condition of repose, ¢hy is to say, to its minimum of refraction ; 
or, expressed ere to the refracting power which the eye 
represents w Adapted to its punctum remotum. 


This Ki change, as you see, up to the age of fifty years, 


but AN hat time on it Ta the emmetrope becomes 
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hypermetropic; the hypermetrope more hypermetropic;. the 
myope loses a part of his myopia, and may become, according to 
its degree, emmetropic, or even hypermetropic. 


FIG. 20. 
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The curve p p indicates the maxim (9) refraction of which 
the eye is capable, that is to say, aee of the refracting power 
which the eye represents in a sta epose, and what it is able 
to add to itself by putting dss all its power of accommoda- 
tion, or, expressed yet diffpyerttly, the refracting power which the 
eye possesses when it afin to its punctum proximum, As 
you see, “ p” dimi és adually, and becomes, from the age of 
sixty-five, fee n the minimum of refraction was in the 
preceding “ky In spite of this, however, there yet remains 
some ac odative power so long as the two curves do not 


RHE the passive refraction of the eye also diminishes 


+ 


e fifty-fifth year. It only ceases at the age of seventy- 


f 
Q years, when the two curves meet, 


O 
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The amplitude of accommodation is evidently represented, for 
each age, by the number of dioptries comprised between the 
two curves, on the vertical line corresponding to the age, in 
accordance with the formula 


a = p — r. 


From this we obtain, for the amplitude of accommodation, the 
following table :— ; 


TABLE I. 
a a 

10 year; 14. 

15 12; 

i aide TO; 

Zoe ast 8.5 

Buy 7 

an,“ 5.5 

r O joa 4.5 

45 Tes 3.5 

OOL K 2.5 

Soe 1.75 

60 “ 1 Ņ 

65 “ 0.75 gs 

LOS oS 0.25 

(ee 0 


The amplitude of accommodation iş iay the same for 
ametropia as for emmetropia, and Ke 
indifferently to all forms and Ae) 


amplitude of tng ower sO? 


rés of the series apply 
grees of ametropia. The 
e same forall. But p, the 
positive refracting power oK We eye, is not the same. This is 
equal to the sum of t se which the eye presents in a 
condition of repose that which it can add by means of its 
power of accommod 


VO 0 parte. 
It is o the emmetrope that the positive refracting power 
of the that is to say, the refracting power which the eye 


S 
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represents when adapted to its punctum proximum—is equal to 
the amplitude of accommodation (p = a). 

In the hypermetrope, where r is negative, p = a — r; because 
the punctum remotum of the hypermetropic eye is, as we have 
seen, negative. A portion of the amplitude of accommodation 
must serve to correct the hypermetropia. 

For the myope, on the other hand, r is positive, because, in a 
state of repose, the eye already represents a quantity of positive 
refraction; the total amount of the latter, then, becomes p = @ 
E 

The distance of the punctum proximum from the eye is equal 
to the focal distance corresponding to the totality of the positive 
refracting power (p). 

It follows from this that, in spite of the equality of the ampli- 
tude of accommodation, the punctum proximum is not situated at 
the same distance in the different states of refraction. With the 
same amplitude of accommodation, the punctum proximum is 
always further removed in hypermetropia than in emmetropia, 
and further in emmetropia than in myopia. 

Thus, for an emmetrope of twenty years we fi V d= 1) D, 
Therefore P, the distance of the punctu imum from the 
eye, = 402 = 10 cm. O 

A hypermetrope of + D will also h Ai the age of twenty, an 
amplitude of accommodation of 1 t his punctum proximum 
is further removed than that he emmetrope. We will have, 
therefore, in Dra 1) 


p = Oy = 10—4=60, 
which gives as oo of the punctum proximum, P, 42 = 
16 cm. 
A myope D, on the other hand, will have, at the age of 
mO peed be power— 


po eedect les LO dud oo dd Ds 


P=122 =7 cm. 


S punctum proximum is, therefore, situated at— 
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The distance of the punctum proximum corresponds, then, in 
emmetropia, to the focal distance of the lens which represents its 
amplitude of accommodation, for reasons which we have already 
set forth. The following table shows this distance at different 
ages in emmetropia :— 


TABLE II. 

Distance of 
Years, Ampl. of Acc. Punct. Prox. 
10 14 D em; 
15 i ey oa es 
20 TORS LORE 
25 8.5 “ sk ey fa 
30 (Ete 144 =“ 
85 6.5.6 LS on St 
40 4.5 “ 22 
45 3.0 20.0," 
50 ys id 40.5 “ 


At the age of fifty-five years the emmetropic eye begins to be 
hypermetropic, and when, even at sixty years, it possesses an 
accommodative power of one dioptry, its punctum preximum is 
not situated at 100 cm., because a part of its Ae 
must be used to correct its acquired hypern@tySpia, which 


amounts to one-half of a dioptry. It requi is amount of 
effort to bring its punctum remotum to iniy. There remains 
to it, therefore, only one-half of a di o bring its punctum 


proximum from infinity to a finite set e, and this is found at 
190 — 200 cm. from the eye. O 

In order to find the posi i@y of the punctum proximum of 
ametropes, we have onl termine the maximum power of 
refraction which the nee (p) according to the rules 
already laid dow the focal distance of the number a 
dioptries, which greont: p, will give the distance of the punctum 
proximum P \S“should say that in order to find the positive 
anes of hypermetropia we must subtract from the p 


of em pia the number of dioptries which represents the 
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hypermetropia, while in myopia we must add to this the number 
of dioptries which constitutes its excess of refraction. 

Take, for example, a hypermetropia of 3 D at thirty years of 
age; where is the punctum proximum? The p of the emmetrope 
at that age is, according to the diagram (Fig. 19), and according 
to table 1, equal to 7 D. Diminish this by 3 D and the p of our 
hypermetrope will be 7 — 3 = 4 D, of which the focal distance is 
25 cm.; that is to say, P, the distance of the punctum proximum, 
sought. 

In fact, the amplitude of accommodation of a hypermetrope of 
3 D at thirty years is the same (7 D) as that of an emmetrope of 
the same age. But the first must use 3 D to neutralize his fault 
of refraction. There only remains to him, therefore, 4 D of posi- 
tive refraction. 

What is the distance of the punctum proximum of a myope of 
two dioptries at the age of thirty years? 

This degree of myopia represents already a quantity of positive 
refraction of 2 D; to this there is added 7 D amplitude of accom- 
modation, which corresponds to the age of thiysy\years, which 
gives 7 + 2 = 9 D. The focal distance of 94NS15° = 11 cm,, 
which represents the distance P of the p 
according to our rule, p of the emme 
myope of 2 Dis 7 + 2=9D Bee 
Fikem: 

The march of the ona is so regular that we are 


able to determine from considerable precision, the age of 
the individual, by taki to account the state of refraction of 
the eye. NY 

a O PRESBYOPIA. 


eing 7 D, that of the 
cal distance of which is 


In ret nrg itself further and further from the eye, the 
punct roximum must finally pass beyond the distance at which 


INS ally read and write. When the punctum proximum has 
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passed this limit we are evidently restrictea in our work. Even 
at a period when the total effort of our accommodation yet suffices 
to keep the punctum proximum at the customary position, but not 
within it, work at that distance becomes very fatiguing, because it 
is effected by the aid of the maximum contraction of the ciliary 
muscle. 

The condition of the eye when the punctum proximum has 
passed beyond the usual distance for work has evidently consider- 
able practical importance. It is for this reason that Donders has 
given to that condition of the eye when the punctum proximum 
has passed the usual distance of near work, a special name, 
Presbyopia (from zpesfus, old), because this feebleness of vision is 
a consequence of age. This distance is commonly admitted to be 
8”, or 22 to 24 cm. 

You see that the definition of presbyopia does not correspond, as 
do the terms myopia and hypermetropia, to a condition sharply 
defined. The distance of 22 cm. which has been taken as the 
point of departure for presbyopia is evidently quite arbitrary. 
Any other distance, as 20 or 30 cm., could have beet taken as 
well. A man who is accustomed to read at the nba e of 30 
em. is not as.yet restricted by his accommodatg 


nd does not, 
of course, feel the influence of age when his 
still at 22 or 24 cm. On the other han 
his work up to 18 cm. becomes presb {op} 


um proximum is 
who usually brings 
uch earlier, although 
the state of refraction in the two odes may be the same. 

Moreover, even supposing that dst people showed a preference 
for 22 cm. as the distance eir fine work, it is evident that 
everybody would not hegdgtg Presbyopic at the same age, because 
presbyopia depends ones position of the punctum proximum, and, 
as we have alreadXsefn, in spite of the equality of the amplitude 
of the aroomiga, this varies according to the state of the 
refraction of @}Ẹ® individual. 


The $è resbyopia, however, being of such general use in 
y p ) ’ tæ] 


140 EXAMINATION OF THE EYES. 


practice, I have thought it best to give you a definition of what is 
meant by it. But I frankly acknowledge that, in my opinion, it 
would be best to drop the term entirely out of our nomenclature, 
and to determine simply what lenses the patient has need of, not 
to see at a certain specified distance, but at the distance at which 
he is accustomed to use his eyes, or at which his work compels 
him to see. This can be done by taking account of his refraction 
and accommodation, as I shall explain to you at the end of this 
lecture. 

We say that presbyopia has been defined by Donders as that 
condition in which the punctum proximum has passed 22 cm. In 
order to see at that distance there is, evidently, a positive refracting 
force required equal to 492 = 4.5 D (p). Now, when the eye 
has need to see at that distance, and when it no longer disposes of 
4.5 D of positive refraction, it evidently becomes necessary to 
increase this by means of a convex lens of such a power as shall 
make p = 4.5 D. This lens will then measure the degree of 
presbyopia. We can, therefore, complete the definition of Donders 
by saying that presbyopia finds its expression in number of 
positive dioptries which it 1s necessary to add to a in order 
to procure a positive refracting power of 4.5 

By glancing at the diagram of Donde Tg. 19) or at Table 
I you will see that at the age of fopsyvyears the emmetropic 
eye can no longer dispose of a refrayt g power of 4.5 D, and, 
consequently, cannot see closex<than 22 cm. From this age 
onward, therefore, it is said to resbyopic. 

The presbyopia of em ia is equal to the difference between 
the number of wy ch represents its positive refracting 
power and 4.5 D. BS at the same time designates the number 
of the glasses wQic Os emmetropic eye must have to correct its 


presbyopia. 
We eo therefore, for the presbyopia of the emmetropic eye 


the ee g table :— 
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TABLE III. 

Age. P. Presbyopia. 

40 4.5 4.5 — 4.5 =0 D 
45 3.5 4.5 — 3.5 =1 “ 
50 2.5 45—25=2 “ 
55 1.5 45—15=3 “ 
60 0.5 4.5 — 0.5 =4 * 
65 0 45—O = 4.5 “ 
70 — 1 n AEE 4 E ER 
75 — 1.5 4.5 +.1.5 =b 
80 — 2.5 4.0 4 3.0 c.f “ 


p becomes negative from the sixty-fifth year, because the line 
pp then passes the line O in the diagram. For this reason it is 
necessary to add the value of p to 4.5 in order to obtain the 
degree of presbyopia. 

From being nothing at the age of forty years, the presbyopia 
increases, therefore, one dioptry for every five years up to the age 
of sixty. From this time on it increases, sometimes one and some- 
times one-half of a dioptry in the same time. 

Beyond sixty years this calculation no longer hol 


we must then have recourse to Table 111. Thus 
of an emmetrope of eighty years is not 8 D, þu 

For ametropia the presbyopia is calculate he same manner 
after the ametropia has been corres the number of 
dioptries which are necessary to corr ametropia, that is to 
say, to change it into yb SE evidently be added to 
those which correct the presbygpi®f emmetropia. 

Take a hypermetrope of oF what number will he require at 
the age of sixty Ns r to see at 22 cm.? He will need, 


in the first place, 2 orrect the H, and 4 D more to correct 
the presbyopia, Wa, has passed, by 4 x 5 years, the age when 
presbyopia soe ces; the total is, therefore, 6 D. 
If an i Mual hasa M of 3 D, and is sixty-five years old, 
how wifi we proceed to arrive rapidly at the degree of his 
N? If he were emmetropic he would require 4.5 D to 
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see at 22 cm., but in order to make him emmetropic he requires 
a concave glass of 3 D. These 3 D negative, combined with the 
4.5 positive, give 4.5 — 3 = 1.5 D. 

You thus see that whereas the hypermetrope always requires 
glasses stronger than the emmetrope to correct his presbyopia, 
the myope requires glasses weaker in proportion as his myopia is 
stronger. 

Take a myope of 4.5 D. He will never, so to speak, become 
presbyopic, because, even deprived of all his accommodation, he 
still has a positive power of refraction of 4.5 D, because his 
punctum. remotum, to which it is adapted in a state of repose, is 
situated at 22 cm. He has no reason, therefore, to fear presbyopia, 
at least not before sixty-five years, the age at which the refracting 
power begins to diminish, and when the accommodation no longer 
suffices to rerder it as strong as it was before. (See Fig. 19: 
r has passed the line 0, and p no longer reaches it.) 

Persons whose myopia is greater than 4.5 D have need of 
concave glasses in order to see at 22 cm., because even in a state 
of repose their eyes are adapted for a shorter digtance than 
22 cm.; and since there is no negative accommotighio they have 
need of negative glasses to see at 22 cm.; 1 er words, their 
refraction being always greater than 4.5 nst be diminished 
until it amounts to only 4.5 D. xS 

A myope of 10 D will have need Sae, lens of 4.5 — 10 
= 5.5 D in order to adapt his %yes to 22 cm., up to the age of 
sixty-five, whatever may be K age and the amplitude of his 
accommodation. Withou mmodation his eyes are adapted to 


10 cm., and it is only £ e sixty-fifth year, the age when the 


punctum remotum } oved considerably from the eye, that he 


can use concav es of less strength; but he will never have 


to use SN 2 


We sh ommit a great error, then, in giving to all persons 
BPN adapt their eyes to vision at 22 cm. Some—and 
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the number is large—would find them too strong, while others 
would find them too weak. 

It would be very much better in all cases to guide ourselves, in 
making the selection, by the requirements of the individual and 
not by any conventional ideas of presbyopia. We are in a much 
better condition to make this step, now that the introduction of 
the metric system and dioptries has made optical calculations so 
remarkably easy. I can assure you that I get along much better 
in my practice with my new system than with the old plan of a 
conventional presbyopia. 

Thus, if an emmetrope of fifty-five years comes to you and says 
that his eyes are much fatigued in using them for close work, you 
ask him at what distance he is compelled to work. He shows 
you, we will say, 33 cm. as the distance. You say to yourself: 
To see at 33 cm. requires 3 dioptries of refraction (p). Now, at 
the age of fifty-five years p of emmetropia is = 1.5. He requires, 
therefore, 3 — 1.5 D to see at 33 cm. You therefore give him 
No. 1.5 D convexes, and he will find them very satisfactory, unless 
there is some diminution of the amplitude of accom tion, the 
cause of which you will have to hunt for. 

A hypermetrope of 1 D, aged forty years, ho Gia asks for 
glasses which will enable him to see at RE To see at this 
distance there are required 102 — ee forty years the 


eye possesses an amplitude of accommdafion of 4.5 D. Of these 
4.5 D,1 D is employed in a the hypermetropia of the 
1 


patient. There only remains-fo “him, then, 3.5 D of positive 
refraction. To obtain the Fi necessary for vision at 20 
ovo ei PULLED: 

A hypermetrope , aged seventy, asks for glasses to play 
the piano, that is a at 50cm. You know that at seventy 


cm. we therefore give 


years of age* ie is no longer any accommodation. You give 
him, ae oO the first place, 3 D, to correct his hypermetropia, 
BESS D, to adapt his eye to the distance of 50 cm. 

T Y, need to multiply examples. What I have said to you 
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on the subject of accommodation will enable you to find in every 
case, the refraction, the age, the amplitude of accommodation, and 
the number of the glass which an eye needs for vision at no matter 
what distance. Only, you must take the precaution to give the 
weaker numbers of convex lenses to those yet young and not accus- 
tomed to wearing glasses; on the contrary, you can give a half 
dioptry convex more to an aged person whose amplitude of accom- 
modation is feeble or null. 

I repeat that, in my opinion, it would be much better to entirely 
abandon the term presbyopia, for the reasons which I have given 
you. The definition of presbyopia is based on a distance entirely 
arbitrary, which is not the same for all persons; habit, and even 
the kind of work, have a widely various influence on this distance. 
Thus, some emmetropes, and hypermetropes with good acuteness of 
vision, are generally accustomed to read and write at a distance of 
40 cm. or more, while others, especially myopes and those whose 
visual acuteness is not good, prefer a shorter distance, 22 cm. or 
less. 


Bookkeepers, draughtsmen and geometers, by preference, keep 


their work at a great distance, which allows t tô take ina 

great deal of their book or paper at a single e, while tailors, 

jewelers, etc., require a much shorter dist 
You must not think that we have se 


consideration of the accommodati 


too much time to the 
ou should bear in mind 
the great importance of near yigign in all civilized countries, and 
not suppose that it suffices to chteose, or have your patient choose, 
convex glasses which ane him the best for seeing near at 
hand, saying, if th o weak he can change them by and 
by; if they are AS they will all the better relieve the 
peer TERS there is a real and an eminently practical 
value in ow an exact account of the amplitude of the accom- 
modatig e patient. 

plitude of accon.modation is, indeed, so to speak, the 
Q ometer (the measurer of force) of the ciliary muscle, and 
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this, in its turn, is the most precise index of the function of the 
third pair of cranial nerves, which supplies, among other parts, 
the ciliary muscle, A defect in the amplitude of the accommo- 
dation thus becomes, very frequently, a very important symptom, 
especially of a diphtheritic, rheumatio or syphilitic paralysis, or a 
cerebral trouble, the beginning of which might escape us but for 
an examination into the condition of the ascommodative power, 
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LECTURE XI. 


ACUTENESS OF VISION. 


GENTLEMEN :—The refraction of the eye and visual acuteness 
are frequently confounded. They are two very different things, 
however, and should be clearly distinguished from each other, 
although in practice we are accustomed to determine them together. 

The refraction is simply the function of the dioptric apparatus ; 
visual acuteness, on the other hand, is a function of the nervous 
apparatus of the eye. 

Refraction may be perfectly normal without the eye being able 
to see, if the nervous apparatus does not perform its function 
properly; while the acuteness of vision can be norma, in spite of 
great anomalies of refraction, if these latter are Ko 

We can determine the refraction of all e ven of the dead 
eye; the acuteness of vision, on the cont can only be deter- 
mined on the living eye, and it is furth Kessary that this living 
being express itself clearly in rega he luminous impressions 
which it receives. 


Acuteness of vision is for ction what tactile sensibility is 


for the skin, and we dete the condition of the two functions 
in an analogous NE e seek in both for the smallest dis- 
tance between two RY s which can be perceived. separately. For 


the skin we us tye mechanical pressure of the two points of a 
pair of comp@sges; for the retina the impression produced by the 
retinal inay of two luminous points. 


Re(Utermination of the acuteness of vision consists, therefore, 
in X 


determination of the smallest retinal image the form of 
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which can be distinguished. I ask you to mark the restriction : 
It is not simply the smallest retinal image perceived which gives 
the measure of the acuteness of vision, but the smallest whose 
form is distinguishable. 

The smallest retinal image is a point the perceptibility of which 
depends solely on its luminous intensity. One luminous point does 
not measure the visual acuteness—the distinction of forms—but 
the perception of light, the faculty which the retina possesses of 
distinguishing differences of brightness. 

The acuteness of vision, the faculty of the retina to perceive 
forms, depends on many conditions— 

1. Primarily, on the sensibility of the retina. 

On the adaptation of the retina. 
On the general illumination. 
On the sharpness of the retinal image. 


cx wy 


On the intensity of the wllumination. 

The adaptation of the eye to the illumination under which it 
acts is a condition which it is necessary to take into account in all 
experiments relative to the sensibility of the retina (digtiyction of 
degrees of clearness and of colors). In passing f n illumi- 
nation of a less to one of a greater intensity, or CY sely, it takes 
a certain length of time (about twenty-five s) for the retina 
to become accustomed to the altered illu n, and to put itself 
in harmony with it. We know that ti a) ae ness of vision varies 
with the general illumination up t ertain degree of intensity, 
as that of a clear, sunny d two then vary in a direct 
proportion, but when the KA passes a certain limit of 
intensity, the acuteness diminishes instead of increases. 

The sharpness of nal image depends, essentially, on the 
transparency of theÑdioptric media, the regularity of their surfaces, 
and the adjust os the eye to the distance of the object. 


The lum KO intensity of the retinal image depends, also, upon 


the tra ney of the dioptric media. It is, in other words, 
ENS to the luminous intensity of the object, and to the 
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difference in brightness between this and the background against 
which it is seen. 

Before commencing the examination of the functions of the 
retina an account must be taken of the intensity of the general 
illumination; it must be measured. The simplest photometer is 
the acuteness of vision of a normal eye which we can, in this case, 
consider as proportional to the illumination. 

Before undertaking the examination of the visual acuteness of 
another eye we should determine that of our own; and if, for 
example, it is only 4 of that which is usually found, we shall have 
to multiply the figures of the visual acuteness of the patient 
examined by 2 in order to obtain his actual acuteness of vision. 

We must allow, moreover, the eye under examination to adapt 
itself to the general illumination, and it must be accommodated for 
the distance of the object looked at. This latter must be placed 
in the simplest and most favorable conditions to be easily distin- 
guished by choosing one that is black on a white ground or white 
on a black ground. 

The results of numerous experiments have sh that it is 
necessary that the two points of a retinal im xn rder to be 
clearly distinguished from each other, be se d by a distance 
of 0.00436 mm. Such a retinal image c ponds in the normal 
emmetropic eye to a visual angle of 1’ 

It is upon these data that Sn Q. based his “ test-types ” 
for the determination of the adtteness of vision. He has taken 
as the test-objects Latin lette O letters, because they are forms 
most widely known, and~wth, in spite of the variety of their 
figures, are easy to sy , Latin letters, because they are the 
simplest and mos mon. Snellen’s idea was to have these 
test-letters for€eayin such a manner that in order to be recognized 
they required shat the eye should distinguish two points separated 
from eac er by an angle of 1’; the breadth of the black lines 
RNN letter, as well as the intermediate white spaces, should 
beS 


4 the diameter of the whole letter. 
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Each series of his letters is marked by a number which indi- 
cates in meters (formerly in feet) the distance at which the letter 
appears under an angle of 5’. | 

It is held by Snellen that in order to distinguish one letter 
from another the eye must be able to distinguish the spaces 
between the lines which correspond to a visual angle of 1’. This 
is true for certain letters, as, for instance, to differentiate between 
G and O, where the eye must distinguish the white space which 
interrupts the circle in G. The same is true for F and E, but the 
principle is not applicable to the other letters of his series. 

The interlinear spaces correspond to + the height of the whole 
letter. We can therefore say, in general terms, that the 
distinctness of the letter depends on the perception of a retinal 
image of 0.00436 mm. 


The scale of Snellen contains a series of letters corresponding to 
all distances, from 32 cm. up to 60 meters. An eye which f 
distinguishes No. 7 at 7 m. should distinguish No. 10 at 10 m., wl 
No. 60 at 60 m., etc. What we want now to know is the most a 
convenient distance for determining the visual acutenes : 


In the lecture on refraction we saw of what great, 
is to determine the visual acuteness and the 
same time. O 

We determine the refraction at such a n, ce as shall exclude i 
the accommodation as much as possible CJS this a distance of 5 
or 6 meters is necessary. We the place our scale at 6 m. 
and see (successively on each ey) what are the smallest characters 


iiime i 


which can be distinguished. O 
| In order to see at this without accommodation the eye 
| must be emmetropic. N is not, we must render it emmetropic 
| by a correcting leh) The correcting lens, therefore, indicates 


the degree of eaymeitropia, and the smallest character seen 


distinctly KAA acuteness. 
Thus w al eye should distinguish at 6 m. all the characters 


of Sne N 
| ~ 
Ko 
Q 
& 
RS 


=< 


o. 6. If it only distinguishes No. 12—those which 
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ought to be seen distinctly at 12 m. because they are twice as 
large—the visual acuteness is only one-half the normal (3%). In 
order that the same eye recognize the letters of No. 6 it must be 
brought up to 3 m. If it distinguishes No. 7 at 6 m. its visual 
acuteness is $; but if it sees not only No. 6, but even No. 4, at 
6 m., the number which we have the right to bring up to 4 m., 
its visual acuteness is evidently greater than normal—it is 4. 

This not infrequently happens. You wili find many young 
people who enjoy an acuteness of vision greater than that which 
Snellen has taken as the normal. The acuteness of vision of 
Snellen, however, is not the maximum, but is to be taken as the 
mean of the different ages. The maximum acuteness of vision 
could not, moreover, serve us in practice where we desire to know 
what is to be considered as normal, and the limits beyond which 
it is considered to be abnormal. 

You have seen that the visual acuteness is always represented 
by a fraction, the denominator of which is the distance at which 
the characters should be distinguished, the numerator the distance 
at which the characters are seen in the case undgx examination. 


We call the first D, the second d, and the acu f vision V, 
and then write: V = L, 

When the acuteness of vision with th zed eye is not up to 
the normal standard, we think at onc anomaly of refraction, 


and proceed to the task of correcti ® t 

An individual who, with a gg&yex glass No. 2, reads No. 8 at 
6 m., has a hypermetropia ğ, and V = $. 

Another who, at the s istance, reads No. 10 with — 3, will 
have a myopia of 3 en = y 


For persons aici read, Snellen has given figures 


resembling E, &ndjwhich are made on the same principle as the 
other letter These are squares, one side of which is lacking. 
The pati@)Yhould then indicate to us the side which is open. In 
thia er we are enabled to examine easily the visual acuteness 
of SOWdren, or of those whose intelligence is not highly developed, 
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and even of mutes, who can indicate with the hand the direction 
in which the open side lays. 

It is evident that, instead of examining the visual acuteness by 
the aid of figures of different sizes, placed at the same distance, we 
can allow the size to remain the same and vary the distance. In 
this manner a single series of letters would suffice for the 
determination of V. Take, as an example, No. 6 of Snellen’s 
scale. The individual who reads it at 6 m. has a normal visual 
acuteness. If we should have to bring it to 4 m., in order that 
they be distinguished, V would equal 4, etc., in accordance with 
the formula V = $. 

The single E of Snellen would, therefore, suffice to determine 
the acuteness of V. Instead of varying its size and having 
different forms, we can change the distance and alter the position 
of the figure. This proceeding is very convenient where we do 
not have command of a full set of test-types, but it is inferior to 
the other mode in cases where we have to bring the figure within 
4 m., because then the accommodation comes into play. 

But the combination of the two processes—variation J 


of the object, and variation of its distance from the ¢ increases 
considerably the exactness of the examination of, acuteness. 
rly made out at 


a greater distance 


If we have found the series of letters which AS) 
a given distance, we can try if by removin R 
the eye continues to distinguish the ne) or example, an eye 
sees No. 5 at 6 m., but if it still di uishes them at a distance 
of 30 cm. more, V will be not only but 83. 

Snellen’s series, though th most widely known, is not the 
only scale which has bee Gi cted for the determination of the 
acuteness of vision at_a@ig¥ance. 

Indeed, the princkglojor the acuteness of vision being given, it 
is easy to printe &n, Gothic, black or colored letters, etc. How- 
ever, the oe 


+ 


and it S sirable to increase the number of these test-objects 


in Ai 


Snellen remains the one most generally in use, 


àt we may have a unity of comparison throughout the 


sjsj odiad 


aF i 


arim 
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world, which will allow of a comparison between the experiences 
of different persons in different countries. 

The only test-objects which, up to this time, have appeared to 
me to have a value comparable with those of Snellen, are those of 
Green and Monoyer. Green objects, and not without reason, that 
the different numbers of the test-types of Snellen represent a very 
unequal series of ratios, an inconvenience which Green surmounts 
in choosing for his scale the numbers which represent a geometri- 
cal progression, the common ratio of which is sli 2S 7 OBs 

The series of Green is composed of twenty-four numbers, and 
includes all the numbers of Snellen’s test-types from CC to I. 
The following table shows the two series side by side, The 
numbers represent feet. 


— 


GREEN. SNELLEN. GREEN. SNELLEN. 
200 200 8 8 
6.25 16 
160 6 
126 
- 5 5 
100 100 
ofa ad 
80 70 
64 } 3.125 | 1s 
2.5 
50 50 
2 
40 40 
32 1.5 
25} 30 Q 
2 2 1 


0 0 
16 { 15 
ias} 12 
10 10 


As you see, the ws etween the two adjacent numbers of 
Green is always th The execution of these test-types is 
exceedingly go a they are to be recommended so much the 
more because t eae between the letters of Green and those 
of Snellen’afOrery easily established. 

Mo s test-types, like those of Green, have the same basis 
i iple as those of Snellen, as far as regards their visual 
N and the width of the lines, but they are constructed in such 
x 
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a manner that the different numbers of the letters recognized at a 
distance of 5 meters correspond to a difference of -ty of the acute- 
ness of vision. The acuteness of vision, then, instead of being 
expressed in fractions, as 2, 3, etc., is expressed in decimals— 
0.1, — 0.2, — 0.8, — 0.4, etc., up to 1. 

It is desirable, however, to have characters smaller than those 
corresponding to the medium acuteness of vision, because we find 
very frequently eyes whose acuteness of vision is greater than the 
No. 1 in the scales mentioned. For this purpose it would be easy 
to add to the scale of Monoyer two or three numbers which give 
V = 1.2, 1.5, 1.6, ete. 

You will have:seen that the method for determining the acute- 
ness of vision at the same time with the refraction is very simple and 
practical. But it is not only simple and practical—it is also emi- 
nently rational. Indeed, it excludes, at least for the greater part, 
the accommodation, and, as you will see, it puts the retinal images 
of the emmetrope and ametrope on the same equality as to size. 

This last advantage is very great, and in order to appreciate it 
fully I will add a few words on the influence of correcting glasses 
on the acuteness of vision. “It is a fact of commorkoys vation 
that convex glasses magnify whilst concave glasyeMminish the 
size of objects. We would suppose, then, t ypermetropes, 
by their correcting glasses, obtain retina ges greater than 
emmetropes and myopes, and that myo On other hand, have 
smaller retinal images. Correcting ee would seem, therefore, 
to completely mar the results of\gdr determinations of visual 
acuteness, in so far as they e the fundamental condition, 
viz., the equality in BN he retinal images coming from 
the same objects. 

But, on the othe aQ it is easy to conceive that a short eye, 
other things beig equal, would receive smaller images. than a 
long eye. The prallness of the hypermetropie eye has, therefore, 
an effec e visual acuteness the opposite of its correcting 

Ss length of the axis of the myopic eye has an opposite- 
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effect to that of the glass for which it has need. It remains to 
determine which of these two influences is in excess. 

It is a question of great importance in practice whether we 
have a right to demand of a hypermetrope a visual acuteness 
greater than that of an emmetrope, simply because he uses 
magnifying glasses while the other sees only with the naked eye; 
or whether, on the other hand, we should have a diminished 
acuteness of vision on the part of the hypermetrope corresponding 
to a normal retinal perception, because the hypermetropic eye, on 
account of its shortness, has smaller retinal images. 

On the other hand, has a myope who, after correction of his 
ametropia, reads exactly the same letters as the emmetrope at the 
same distance, a visual acuteness greater than the emmetrope 
because he is able to distinguish these characters in spite of the 
diminishing effect of his lens, or should we consider his visual 
acuteness as defective, and search for some trouble in the dioptric 
media or at the fundus of the eye, because, on account of the 
length of the myopic globe, the retinal images are larger, and he 
ought, therefore, to have a visual acuteness greajad than that of 
an emmetrope ? 

This question can be solved only by me Qi calculation ; but 
the aim of these lectures, which aree lally practical, causes 
me to abstain as much as possible f AA deductions, 
and I can only give you here ats of the researches that 
have been made by Knapp,Qonders, Woinow, Mauthner and 
myself—results which a KO perfectly with each other. The 
conclusions at which w e arrived are the following :— * 

I called your / in the first lecture on refraction, to the 
fact that we c ON ametropia by different lenses according 
as we place ar at a greater or less distance from the eye. Now, 
since the Gryecting lens of an axial ametropia is usually placed in 
the a hor focus of the eye, i.e., 13 mm. in front of the cornea, 

nal image of the ametrope should be of the same size as 


Ree in Wecker et Landolt: Traité Complet d’Ophthalmologie I, p, 480. 
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that of the emmetrope. On the other hand, if we correct hyper- 
metropia by a stronger convex glass placed nearer the cornea, the 
retinal image will be smaller; it will become larger if we use a 
weaker lens and place it further from the eye than the point 
indicated. An analogous effect is produced in the case of myopia; 
here the diminishing effect of the lens makes itself felt in propor- 
tion as it is removed from the anterior focus of the eye, while’ the 
magnifying effect of the greater length of the eye is manifest when 
the correcting lens is approached nearer. 

I have been able to verify this fact in a most conclusive manner, 
both by means of my artificial eye,* and in the living eye—in an 
anisometrope one of whose eyes is emmetropic and the other hyper- 
metropic, and who on this account is able to compare directly the 
size of the retinal images which the hypermetropic eye receives 
by different corrections with those of the emmetropic. 

The facts which we have mentioned suffice to show the 
undoubted advantages of determining the visual acuteness at a 
distance. 

But should we, on this account, entirely exclude Oe 
tion of near vision? I think not, provided we t S 


ount of 
those important points which have, in a greater o degree, been 
neglected by those who, up to the present tieş ave endeavored 
to determine the acuteness of vision in thi ner. 


1. In the first place we should nev loy for this purpose 
bits of reading, because reading is Ket a certain proof of visual 
acuteness. Persons who are accu ed to reading are able to 
guess at the majority of wo y their general aspect and their 
relations to neighboring @yde, while those who are but little 
instructed must deci he letters one by one. These latter, 
then, find themselesjin relatively more unfavorable conditions 
than the former 


It is necess€?y} therefore, if we would determine the acuteness 


peal We Dion of the Metrical System into Ophthalmology. London, 
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of vision at a short distance, that we take isolated letters con- 
structed on the same principles as the larger test types. It is 
also evident that we must make the examinations always at the 
same distance if we would obtain results exact and comparable. 
This examination is based on the same principle as that at a 
distance, i.e., on the equality in the size of the retinal image. 

2. Moreover—a most important matter—the vision near at 
hand is very different in the different states of refraction. 

Take, for example, a distance of 22 cm. The young emmetrope 
will see at this distance with the aid of his accommodation, the 
presbyope and hypermetrope with the assistance of convex glasses 
of greater or less strength, according to the power of their 
accommodation and the degree of their ametropia. The myope 
whose punctum remotum is found at a greater distance from the 
eye than 22 cm. will likewise have need of a slight effort of 
accommodation; only a myope of 4.5 D will be able to see at that 
distance without any accommodation, and without any correcting 
glass, while degrees of myopia higher than this will demand the 
use of concave glasses for seeing at the same AOE Vision, 
under these various circumstances, is attend ith notable 
differences in the size of the retinal images. $ 

It matters not that you employ the s KQ) st objects and place 
them at exactly the same distance ; SO metrope who accommo- 
dates will still have retinal images lèr than the presbyope, who 
uses glasses, and the presbyopai he is not completely deprived 
of his accommodation) smaller“ nages than the myope of 4.5 D. 
Your result is therefore , since the basis—that is, the size of 


the retinal image—{ Carded in each case. Equality in the size 
of the retinal i the “sine qua non” in the determination 
of the acutenes\gf Vision. 

Moreov proceeding in this way we do not determine the 
refracti { Yondition of the eye. The method frequently used, of 
RNS he individual read bits of sentences, is, therefore, unsatis- 

c 


Ki ay and insufficient for the determination of the visual acuteness. 
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It is possible, however, to obtain in near vision the same 
advantages as in distant vision—equality in the size of the retinal 
images, exclusion of the accommodation, simultaneous determina- 
tion of the refraction, of the accommodation and visual acuteness. 
For this purpose we proceed in the following manner :— 

We place the test object say at a distance of 23 centimeters 
(exactly 233 millimeters) in front of the cornea, that is, 22 cm. 
from the anterior focal point of the eye, which is situated 13 mm. 
in front of the cornea, the eye being deprived of its accommodation. 

It is only the myope, then, whose punctum remotum is situated 
at 23 cm. in front of the eye, who will be able to see distinctly at 
this distance. In order to see at infinity, the correcting glass 
placed at 13 mm. in front of the eye, where lenses are usually 
placed, should have a focal distance of 22 cm., and therefore a 
refracting power of 4.5 D. 

In order to make eyes having other states of refraction see 
these test objects we must have recourse, not to the accommoda- 
tion, but to convex lenses, which we place 13 mm. in front of the 
cornea. A 
We should give, so to speak, to all eyes a myo Áo 4.5 D. 


To attain this the emmetrope will have need o . 4.5 convex, 


which will render parallel the rays coming f. 


of the lens; the hypermetrope will AON 
the emmetrope, and the stronger in Pp% 
his hypermetropia. K 

A hypermetrope of 2 D will hissed of 6.5 D, that is to say, 
he will require 2 D in SS bə rendered emmetropic, and 
4.5 D in order to adapt i@ay to the distance of 22 cm. An 
individual who sees vigy convex 7.5 will have a hypermetropia 
of 7.5—45—= 3 J 

Myopes up toG D will require convex glasses diminished by 
the degree AO) ir myopia. Take, for example, a myope of 1 D; 
if he h Cor emmetropic he would have required 4.5 D, but he 
will no uire so much now, since his myopia already gives him 


K 


2 cm. in front 
ens stronger than 
to the strength of 
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a surplus of refracting power of 1 D. He requires, therefore, 
only 4.5 — 1 = 3.5 D, in order to see the test objects at the 
required distance. 

An ametrope who sees with + 0.5 will be myopic, because he 
sees with a convex lens weaker than the emmetrope requires, and 
his myopia will be 4.5 — 0.5 = 4 D. 

The individual who sees without a glass will have, as I have 
already said, a myopia of 4.5 — 0 = 4.5 D. 

Those myopes, on the other hand, whose excess of refraction is 
greater than 4.5 D will have need of concave lenses whose numbers 
added to 4.5 D will give the degree of the myopia. Thus, an eye 
which can see the near test objects only by the aid of a concave 
No. 2 will have a myopia of 2 + 4.5 = 6.5 D, since, in seeing 
without a glass, it will have an excess of refraction of 4.5 D; if 
it requires still a concave 2 D, this proves that its refraction is 
yet 2 D too strong. 

You see that in this manner we can easily determine the 
refraction; but the method offers yet another great advantage, 
in that it gives to eyes of different refraction ai oe of the 
same size; only it demands, as does every pla he determina- 
tion of refraction, that the accommodatio on relaxed, and that 
the correcting lens be placed in the ane focus of the eye at 
13 mm. in front of its cornea. 

In this procedure, indeed, the ZZ images of axial ametropias 
and emmetropia become aah They are not those which the 
same eyes secure by the ai heir correcting glasses for distant 
vision, that is to say, of mmetrope in a state of repose; but 
they are equal to PA n axial myopia, the punctum remotum 
of which is sitygt the distance chosen. 

One other (Gases which naturally presents itself after these 
considera tis is this: how large should the test object be which 
corres N in my method, to the normal acuteness of vision, that 

RA where the retinal image has a size of 0.00436 mm? In 
or yY furnish so small an image to a myope of 4.5 D, or to an 
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emmetropic eye armed with a convex glass of 4.5 D, and, 
moreover, at so short a distance, the object ought not to be large. 
The calculation gives, indeed, only 0.0645 mm. as the distance 
between the two points of the object, and, therefore, only 0.32 
millimeters as the total height of a letter which an eye endowed 
with an average visual acuteness is able to distinguish at 23 cm. It 
is necessary, in order to effect this, to reduce the large test types by 
means of photography or photo-lithography, which is easily done. 
You will notice that the angle which corresponds to the typical 
retinal image of 0.00436 mm. in the myopic eye, or an eye 
rendered myopic to the extent of 4.5 D by a concave or convex 
lens, does not correspond any longer to 1’, but to 55”. You will 
| thus see that it will be more rational to take as the basis, and to 
measure the acuteness of vision not by the visual angle but by the 


retinal image. s 

This method, like all the other methods fop determining the 4 
refraction, requires that the accommodation be abolished. And, ked 
except by the employment of atropine, it will be more difficult to k 
exclude the accommodation in near vision than in an iraton Í 


at a distance. XS 
We saw, at our last meeting, that the ngetrap avails 


himself of the intimate connection betwee thy convergence and 

accommodation to increase his power x Pinna by in- " 

creasing his convergence. We can e y`the same principle in z 

an opposite sense ; that is to arda can diminish, if not annul £ 
convergence. Give the eyes i 


the accommodation, by annulling t 
a parallel position, accordin Q, principle Javal has used in his 
astigmometer. Place OS in a stereoscope of desired 
length, deprived of its@yms. In front of the eye to be examined 
are the test object rounded by a circle; in front of the other 
eye a black fied Gp which is traced a similar circle. When the 


fields are A stereoscopically the two circles will be super- 


+ 


posed, 
ie pÀ relaxed. 
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e two eyes being directed parallel, the accommoda- 
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My method offers still another advantage, in that it renders 
invariable the distance between the lens, the test objects and the 
eye. This last point is of the greatest importance in determining 
the acuteness of vision at short distances. Slight changes here 
produce greater differences in the size of the retinal images than 
more considerable separations of the test objects in the determina- 
tion at a distance. 

In certain other respects this method is preferable to the other. 
It enables us to dispense with a great distance for the deter- 
mination of the visual acuteness and refraction, and to have a 
more regular and constant illumination. It is easy to illumine 
the interior of our stereoscope with a regular and normal light, 
and at the same time exclude light from other sources. The 
windows behind the patient often interfere very considerably with 
his vision, on account of their reflection from the surface of the 
correcting lens. 

This method can serve us in yet other determinations. As the 
strongest convex lens or the feeblest concave lens with which the 
eye can distinguish the smallest characters and Attain to its 
maximum of visual acuteness gives the aK Sf strongest 
concave or the feeblest: convex lens will gue’ the power of 
accommodation. In distinguishing the s without a lens 
the emmetropic eye uses 4.5 D of a modation. But when 
it yet sees through a — 1 lens, vid} equires, in order to be 
neutralized, an effort of acco dation of 1 D, it disposes of 
T+ 4.6 D'= 5.5 D. 

The hypermetrope of zato preserves the maximum of his 
visual acuteness at t es ce in spite of a negative lens of 3 D 
will have an acco W. power of 2 + 4.5 + 3 = 9.5 D. 


A myope of who sees with — 5 will have an amplitude of 
accommodati 6.5 D. On account of his myopia he will only 
require 4 3 = 1.5 D to see at a distance of 24 cm.; he has, 
NY alled forth 1.5 + 5 D = 6.5 D. The myope of 5 D 
W AN s with — 6 the same letters as with a 0.5 will have an 
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amplitude of accommodation of 4.5 — 5 + 6 = 5.5 D. In order 
to see al 24 cm. he will require not 4.5 D but 5.5 — 5 = 0.5 
concave. The one-half a dioptry of the 6 which the lens we have 
given him contains serves, therefore, to correct the excess of his 
myopia, and the other 5.5 is employed simply to neutralize his 
accommodation. 

There is no need to multiply examples or explanations, which 
would be only repetitions of what has been said. My intention 
was only to show you that our plan would serve, at the same 
time, to determine the amplitude of accommodation. 

For the examination of the accommodation we should place the 
test objects at the middle of the base of the optometer and close 
the eye not under examination. 

Our apparatus will serve equally for those who wish to 
determine presbyopia, since the test letters are placed at a distance 
of 23 cm. You will remember the definition we gave of that 
infirmity. Presbyopia was defined as that condition of the eye in 
which it is no longer able to see at 23 centimeters; in other 
words, it cannot dispose of more than 4.5 D of positive \kefractive 
power. While the strongest convex lenses give ug% refraction 
of the eye, the concave lenses the amplitude gee 
the feeblest convex lenses give us, directly uA ithout reduction, 
the degree of the presbyopia. 

An eye which sees the test letters Q: a glass is not pres- 
byopic. An eye which requires 2 Re see them has a presbyopia 
of 2 D; another which requires 4 has a presbyopia of 4 D, ete. 

I have no need to retur this subject, of which we have 
already spoken at length @y 

It is unnecessary t that in an optometer such as I have 
proposed it is not ired to calculate in each case the number of 
the ametropia, G the amplitude of the accommodation, or the 
presbyopia, have done in order to the better explain my 
ERN read on the apparatus directly the figures result- 
ing fron e determination. 
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This method of determining the visual acuteness is not yet 
employed in practice, and all those who have determined the 
visual acuteness by means of bits of reading or small letters have 
not taken into account the conditions which I have just exposed, 
and which alone render the determinations exact. 

The bits of reading, it is true, are in extended use, and serve 
generally for a rapid determination of presbyopia, since, as a rule, 
that which we desire is only to give to our patients such glasses 
as shall enable them to read and do fine work without fatigue. 
For this purpose the bits of reading are sufficient. The best are 
those which Jager (of Vienna) has published in all civilized 
languages, and which are distinguished by the exactness of their 
execution. 
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LECTURE XII. 


PRACTICAL EXAMPLES IN THE DETERMINATION OF 
REFRACTION, ACCOMMODATION AND 
VISUAL ACUTENESS. 


GENTLEMEN :—You are now acquainted with the principles 
which should guide you in the determination of the refraction, 
the accommodation and the acuteness of vision. I shall, to-day, 
give you some clinical examples, for the double purpose of directly 
showing you the application of the fundamental principles which 
I have explained in the preceding lectures, and of giving certain 
practical suggestions which I could not very well give in my brief 
exposition of the theory of these subjects without eAmpting 
the thread of the discourse. 

Before making an examination of the state pes, we should 
always subject the patient to a general i Sery ion, by directing 
attention in particular to the conformgtm of the face and 
cranium, the distance between the eye iP relative positions, the 
transparency of the dioptrie medi e diameter and mobility of 
the pupil, and especially the lengthsof the globe of the eye. 

The form of the cranium Sa us, in certain cases, indications 
of the state of the NS f the eye, in so far as the flat, or 
dish face as it is ca ofp esupposes hypermetropia, while certain 
forms of myopia aye Jmost frequently met with in persons with 
long heads; b tGnsign more valuable than these is the asymmetry 
of the cranj@) hich nearly invariably accompanies astigmatism 


(see RN VII). 
The tance between the eyes concerns us particularly where 
A 
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we have to order glasses for the patient. It is, indeed, of great 
importance to separate the glasses by a distance corresponding to 
that which separates the eyes. It should be equal to this when 
they are to be used for vision at a distance, a little less if they are 
to be used near at hand. Moreover, we have already seen, in the 
second lecture, that in cases where we have insufficiency of the 
internal rectus muscle, and consequently asthenopia, the distance 
between the eyes demands our closest attention. 

For the same reason we should examine the direction of the 
eyes, a high degree of insufficiency of a group of muscles mani- 
festing itself frequently by a slight divergence or convergence of 
the visual axes. We should examine, moreover, the equilibrium 
of the internal and external recti by means of the separate fixation 
of the index finger, as we have already explained in the fifth 
lecture. A convergent strabismus will be presumptive evidence 
of hypermetropia, a divergent strabismus, of myopia. 

Troubles of the refracting media, such as spots on the cornea, 
deposits on the anterior capsule of the lens, commencing cataract, 
etc., will deprive us of the hope of a perfect acutenegs of vision, 
in spite of the correction of the ametropia. S 


The diameter and mobility of the pupil wild 
portant indications 


2 


state of the accommodation, and often givg 


as regards the fundus of the eye. In casey 


wNeacts tardily under the 


amblyopia the pupil 
is frequently more or less dilated, (am 
influence of light. 

But the most valuable indicafiohs are derived from an examina- 
tion of the length of the b we pointed out at the beginning 
of the lectures on ref 

After this pees , which, after a little practice, can be 
completed in a iw Prnutes, we cause the patient to sit down, his 
back against ev ie light, in front of the test types placed in a good 

i 


light on eA five meters distant, and proceed to the examina- 


tion Ses of vision and the refraction of the two eyes 
ely 


suc 


SS 
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I commence always with the better eye, this giving us the more 
certain indications, and, in many cases, the nature of the ametropia 
of the other eye. We cause the patient to cover the worse eye 
with a screen. This simple proceeding is of considerable import- 
ance: in the first place, because it is necessary that the eye be 
excluded completely from the act of vision, of which we can never 
be certain so long as he covers the eye with the hand, since 
patients frequently see through the spaces between the fingers or 
the space between the nose and hand; moreover, in covering with 
the hand it is difficult to avoid more or less pressure on the eye, 
and this pressure, however slight it may be, always influences 
considerably the vision of the eye and is liable to lead us into 
error. 

We should not allow the patient to close one eye, however 
gracefully he may be able to do it. You can never know that he 
is not deceiving himself, and still sees with the eye supposed to be 
closed sufficiently to supplement the other when it has come to 
the limits of its visual acuteness. Moreover, in the majority of 


cases, when one eye is closed the lids of the other are brought 


more or less closely together, and this may be a r ‘source of 
error, by masking in part an anomaly of refr, 


You know, indeed, that many myo 20 to wink the lids), 
& Jid e 


, particularly 
astigmatism. 


and especially the astigmatics, partial the eyes in order to 
see distinctly. In this manner Sporn a stenopaic slit, which, 


by diminishing the circles of ,difffsion, sometimes increases the 


visual acuteness considerab 
Astigmatics can, on RO t, exclude the vertical meridian of 

the eye, and thus o D 

should always wa he patient, and insist on his keeping the 

eyes wide ope 0) 


All g QÈtautions being taken, you see what the eye can 


uch more distinct retinal images. We 


ng without the aid of glasses; afterward, to what degree 
you ars Able to increase the visual acuteness by means of spherical 


X, 
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glasses. You then determine the astigmatism, if there be any, 
and pass on to examine the other eye in the same manner. 

The accommodation of each eye is then determined by turns, 
including the glass which the patient requires for vision near at 
hand, and finally, the amount of muscular insufficiency. 

The ophthalmoscope will complete this examination, showing 
the real state of the refraction of the eye, and giving an explana- 
tion of the amblyopia. 


Case 1.—A young woman of about twenty years presents 
herself, complaining of asthenopia, that is, that her eyes refuse her 
service when she has worked for some time, and especially in the 
evening. She is anemic. The bridge of the nose and the zygo- 
matic regions are flat; slight asymmetry of the face, the left half more 
developed than the right; direction of the eyes normal; no insuffi- 
ciency; pupils equal and movable. The left globe does not appear 
to differ notably from the normal length; at any rate, it is not 
elongated ; the right globe manifestly short. 


The patient having told you that the left is the better eye, you 
examine it first, and you find that it can read, without glasses, 
No. 5 of Snellen at five meters distance. The agtitbae s of vision 


is therefore normal, and the eye is not m , but it may be 
hypermetropic, and overcome its hyperm la by means of its 
accommodation. 


Try, now, if the acuteness of [| remains the same or 
improves with a very feeble cong sss for example, + 0.5: the 
patient rejects it. There is, thefefore, no hypermetropia mani- 
festa, and you write: L. wee 

The right eye, WCE sses, can only see No. 36 of Snellen’s 
scale (V = +s); ty + 1 it sees the same letters, but more 
clearly, and ee of No. 24; with + 3 V becomes ;. This 
is, for this ey¥6sthe maxinium of correction, No. 3.5 impairing the 
vision. ave, therefore, R Hypermetropia manifesta (Hm.) 


3 D vs 
DN outhfalness of the patient makes you suspect that a part 
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of the hypermetropia, in the right eye as well as in the left, is 
masked by the accommodation. This presumption is further 
justified by the fact that the two eyes are very soon fatigued by 
close fixation, as is nearly always the case in hypermetropia. 

How can we discover the latent hypermetropia? There are 
two infallible means—atropinization and the ophthalmoscope. 
You would not, however, as yet, submit the patient to atropiniza- 
tion, which will deprive her for some days of her power of 
accommodation, and consequently render her unable to do close 
work; moreover, it is unnecessary if you can, with facility, 
determine the refraction by means of the ophthalmoscope. This 
examination discloses the fact that there is 1 D of H on the left; 
4 D on the right. There is, therefore, on the left, as on the right, 
1 D H latent. 

It would seem that we ought to be able to determine the exact 
amount of the ametropia by means of the punctum proximum. 
At the age of twenty years the eye possesses an amplitude of 
accommodation of 10 D; the emmetropic eye ought then to be 
able to distinguish the smallest objects at a distanc 10 cm. 
The hypermetropic eye, on the other hand, will no Sa le to see 
so near; thus, a hypermetropic eye of 1 D will ave 10 — 1 
= 9 D of positive refraction, and its punct roximum will be 
found at 11 cm. If the hypermetropia AY) right eye is 3 D 
this eye will possess only 10 — 3 = © ositive refraction, and 
its punctum proximum will be foug&at 14 cm. 

In our case, where the total o is 4 D, the positive 
refractive power will be 4 = 6 D, and the punctum 
proximum will be situ cm. You see that if the differ- 
ence between the madh hypermetropia and the latent hyper- 
metropia is only 1D Jhe difference in the position of the punctum 
proximum is Hise very small, and it will be difficult to use it 
in determi ik) e state of the refraction by this method, and so 
much theNdore as the amplitude of accommodation presents great 
indiyi variations, 
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The same may be said of myopia when we have to determine 
that portion of the apparent myopia which is due to the accommo- 
tion. 

To what must we attribute the impairment of visual acuteness 
in the right eye, in spite of the correction of its hypermetropia ? 
It is not due to the smallness of the retinal images, these being, 
after correction of the ametropia, of the same size as those of the 
emmetropic eye. Is it due to a lack of development of the retina, 
or lack of exercise? Possibly to both. In the high degrees of 
hypermetropia the retina would appear sometimes, indeed, to be 
less sensitive than in emmetropic eyes, and this right eye having 
been, on account of its anomaly of refraction, in a less favorable 
condition than the left, the individual has always preferred to em- 
ploy the better eye, neglecting the other to a greater or less 
extent. But we should not content ourselves with this explanation 
before we know that the eye is not astigmatic. 

Armed with the convex glass No. 3, it should not, if unastigmatic, 
discover any marked difference between the various lines of the 
radiating figures of Snellen and Green; nevertheless, \we find that 
the horizontal lines appear to it to be somewhat {a e distinct 


than the vertical. It is therefore the vertic ridian which is 


corrected by the convex No. 3, the hogontal meridian not 


completely. You place in front of the cal glass a cylindrical 
lens of 0.25 D, axis vertical, and is no difference in the 
lines. The acuteness of vision iXat the same time brought up to 
&. Try, now, if, with a cylin of 0.5 D, it increases; it does 
not, the patient preferring 0.25. Then put the spherical and 
cylindrical lenses in which has a movable ring, and let 
the patient find the S- of the cylinder in which she sees best. 
You then read o he degree of inclination which the axis makes 
with the verig] ; it is 5°, and with this correction the patient 
reads som ers of No. 6 of Snellen. You see that the correc- 
tion $ feeble degree of astigmatism has been sufficient to 


dou e acuteness of vision. Such cases are not rare. 


S 
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Let us now examine the accommodation. The patient reads 
the smallest characters of our test-types with the left eye up 
to 11 cm., with the right up to 15. But the eyes are soon 
fatigued. It is to this feebleness of accommodation, in conjunction 
with the anzemia of the patient, that we can refer the asthenopia. 
We therefore order iron and the use of glasses, as follows :— 

L. Convex 0.5 D. 

R. Convex 3 combined with convex cylinder No. 0.25, axis 
inclined 5° to vertical. 

And all the symptoms of asthenopia will soon disappear. 

You will observe that I did not order a glass correcting the 
total hypermetropia. Practical experience has taught me that 
young hypermetropes very frequently have great difficulty in 
accustoming themselves to the correction of their total hyperme- 
tropia. On this account I usually begin by giving them feebler 
glasses than they require, and ordering stronger ones afterward, 
if the asthenopia continues. 

It is of great importance to cause her to bring her right eye 


into active exercise. You should advise her, theref to read. 
e armed, 


and work half an hour, twice each day, with the ri 
with the correcting glass, the other being “= 


CasE 2.—A mother brings you her yo aughter of fifteen: 
years. She has been suffering from evere diphtheria, and 
is very pale. However, she is mechNbétter now, but since her 
convalescence has set in, she has Sod that she can no longer 
see close at hand, though her di Ae) vision is good enough. 


The first fact, the — of the difficulty in near vision, 
causes us to think o alysis of the accommodation, and the 
second, the conser O n of good vision at a distance, renders this 
supposition aln oo deel It indicates, also, that there is neither 
myopia nor KY yopia. 

Ind SY young person complains of an inability to see close 
at a N at is to say, at about 20 cm., without there is reason to 
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suppose the existence of amblyopia, it does not prove that there is 
a paralysis of accommodation, because the subject may be hyper- 
metropic to such a degre? that all the power of accommodation is 
expended to correct the faulty refraction (— r) and there no 
longer remains enough of positive refraction to bring the punctum 
proximum within infinity. The individual can, therefore, be 
strongly hypermetropic, but, in such cases there is nearly always 
astigmatism, or an impairment of sight, and the vision at a 
distance is no longer perfect. 

Paresis of the accommodation in youth is the same as pres- 
byopia in advanced age. A man of fifty years, who sees well at a 
distance, but not near at hand, is either emmetropic or feebly 
hypermetropic, and just beginning to become presbyopic. The 
supposition of hypermetropia becomes the less probable as the 
individual becomes older. An individual, on the other hand, who 
can see well neither at a distance nor near at hand—having no 
other ocular lesion—is hypermetropic, and in a degree the stronger 
as the punctum remotum is further removed, and the age less 


advanced. ~\ 
Persons who say they see well near at hand, but wha a distance, 


are myopes, and those who do not see either ng Car at a distance, 


atics. 
upils are very much 


dilated; by covering and uncoveriy ¢ eyes they react slowly 


and very imperfectly. Your di A 2. is made. You have now 
only to determine the degree of he affection, that is, whether the 
paralysis of the accommo Ch is complete, or whether there is 
only a paresis of the epi and its extent. 

The patient reada} hout a glass, with both eyes, No. 5 of 
Snellen placed af Sy cters ; visual acuteness is therefore normal 
(2). Neverthéless make a trial of convex glasses; she reads No. 
4 with + Eppa not with 3.5; there is, therefore, H = 3 D; 


V=<€ Çit the correction being incomplete, the patient dis- 


ting s, without a glass, only No. 5 (the circles of diffusion are 
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not sufficiently great to render the characters illegible, but they 
render more diffuse those of No. 4 which are smaller). 

It is useless to try if the patient reads near at hand, since the 
accommodation does not suffice to correct the totality of her 
hypermetropia, that is to say, to bring the punctum proximum to 
infinity, and it cannot, of course, bring it to a finite distance. 

In such a case, find the feeblest convex glass with which the 
patient has her maximum of acuteness of vision, 3. You find that 
it is No. 1 D. The patient has therefore preserved an amplitude 
of accommodation of 3 — 1 = 2 D, in the place of 12 which 
corresponds to her age; she has lost, consequently, 10. 

What number would you give her for reading and writing at 
30 cm. (ordering a tonic regimen to bring back the total accommo- 
dative force)? The weakest convex glass which allows her to see 
at that distance, in order not to leave the accommodation without 
exercise. 

To see at 30 cm. there is required a positive refraction (p) of 
199 — 3D. For a hypermetrope of 3 D, deprived of his accom- 
modation, there will be required 3 + 3 = 6D; but.Mince the 
patient still possesses 2 D of accommodation we L ly No. 
(6 — 2 =) 4. 


CAsE 3.—You have an old man of seven 0 eh testy that 
the glasses he has used for many years OX: nsatisfactory. He 
only began the use of glasses for TS) at fifty-five years, 
which would lead us to suppose th& he was slightly myopic, or 
that he has been accustomed to and write at a very great 
distance, since emmetropes ug@jly begin to use glasses at the 
forty-fifth or fiftieth year TON and writing; hypermetropes 
earlier and myopes ESN 


You determine ike Jato of his refracticn and find emmetropia 
on both sides.» © on the left side, = 22, that is to say, he 
distinguishes KD 5, of Green, at twenty feet. On the right side 
V = 22NNRhs emmetropia you find now does not exclude the 


possibility’ that the patient was myopic previously. On the 
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contrary, the diagram of Donders (Fig. 20) shows us that the 
passive refracting power of the eye (r) diminishes from the age of 
sixty-five years, and that at the age of seventy it is one dioptry 
feebler than it was at sixty-five years. Our patient may therefore 
have had a myopia of one dioptry which, afterward, gave place to 
emmetropia. The glasses he is using are the old No. 18 (2.2 D). 
You are astonished that the patient has been able to use these 
glasses for so long, since he says that he can read large letters 
with them for a while, though he cannot continue it for any length 
of time and the light must be very good. 

You then ask him to show you how he reads, and find that he 
reads No. 14 of Snellen by holding the book at a good distance from 
the eye, and if he reads by a lamp he places it between the book 
and the eye. With his No. 18 (old system) he reads at a distance 
of 40 cm., if not continuously, at least for a time, and the strong 
light contracts his pupils so that the circles of diffusion produced 
by the letters for which the eyes are not perfectly adapted become 
smaller, and the retinal images more distinct. You ask him at 
what distance he wishes to read, or at what distance\he has been 
accustomed to read. He indicates a distance of thu 30 cm., and 


he tells you that he wishes, above all things, S any length of 


time without fatigue. To see at 30 cm. wi fatigue he requires 
3D. 

In examining each eye separatel will find that it is only 
the left eye which reads the sma c aracters at the distance indi- 
cated, the other eye, the vise kotters of which is impaired, 
only reading the larger o This is perfectly natural; if letters 


for distant vision WO riple the size of those for the other 
eye he will, of cone 

The acutenes& of vision of 22 (Green) in the left eye does not 
fall below ¢hGstandard for the age of the patient. At seventy 
years the@ansparency of the dioptric media, and the sensibility 
of SS Ina have, generally, been reduced so as to diminish the 


Š 


equire larger characters for near vision. 


ss of vision one-fourth. The oblique illumination shows, 
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in this case, opacities of the media, the ophthalmoscope senility 
of the optic nerve. But the other eye, which has only V = 24, is 
not normal. Cause him, therefore, to fix a small luminous point 
not far distant from the eye and he will, without doubt, see it 
multiplied. This polyopia is explained by a commencing cataract. 


CASE 4.—A young man of thirty enters your room with his 
glasses on his nose and his head thrown back in the air. He is 
myopic; his eyes are not only prominent, as we sometimes find 
them even in hypermetropes, but large, and particularly long, as 
you can easily convince yourself by separating and drawing back 
the lids. 


During this examination he tells you that he has a brother and 
two sisters myopes, and another brother who is not. He has 
never seen well at a distance, and he has sometimes used the glasses 
of his older brother. 

You ask him if his parents are myopic. “ Not at all,” he says; 
his father, especially, has always had excellent sight, since he was 
seventy years old before he was required to use glassesy and was 

A 


always able to distinguish the finest characters. T positive 


proof of myopia, because an emmetrope of seve ears would 


require convex glasses. 
The glasses which he uses, he tells gs? been selected by 


an excellent optician, and are the be he could find. The 
number of these is 64 of the old sy4em- He says that he has no 
affection of the eyes; that, on tKe)contrary, his eyes are very 
strong; he sees the smallest ts and reads bad print even in 
bad light. He does Ne all for an examination, but only 
wishes a collyrium for oe neuralgic pains which he sometimes 
feels in the eyes and fogs ead, like a kind of migraine. 

You examine as) usual, each eye separately, and with so much 
the greater Guiness because the patient has been, up to this 
time, RS hysician, and is very glib with such scientific terms 


as irido%ħóroiditis, pyramidal cataract, gerontoxon, etc. 
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You begin by taking a book with the finest print, and searching 
for the greatest distance at which he is able to read it; you finally 
find it to be 20 cm., which corresponds to 5 D. 

At a distance he can make out no letters of the scale; you 
commence by giving him a concave No. 4; he reads then up to 
No. 0.4 (Monoyer); with 4.5 he reads some letters of No. 0.5; 
with 5, all of line No. 0.6, with the exception of O and E, which, 
however, are not hard to make out; on the other hand, he can 
decipher a few of No. 0.7. The No. 6 glass seems better, but he 
can read no further with it. Myopia of the left eye is therefore 
equal to 5 D; V about 0.6-0.7. The same is found on the right 
side. 

His glasses are No. 64 of the old system, which corresponds to 
the new number 6. If you test them you will find that the glasses 
are even stronger than their number indicates, and that they 
correspond to the No. 6.5 of the new system (6 of the old system 
instead of 64). He has, therefore, always worn glasses stronger 
than his myopia has required; and no doubt they have fatigued 
his eyes considerably, on account of the effort of the\accommoda- 
tion which they have demanded. Now, at the a Gv irty years, 
when the accommodation is not so ss at; twenty, this 


fatigue becomes intolerable, and the patj nally acknowledges 
that, in spite of his excellent number, go no longer see so well 
at a distance as others. Q 

To what can we attribute hisgm yopia? There has probably 
been some choroidal trouble}Arequent causes of myopia and 


amblyopia, which are KOM appreciated by the ophthalmoscope. 
But first see if he X tigmatism, which the confounding of 
letters leads us to t. 


You place tke gird of radiating lines before him at a distance 
of about fivGymeters and try his left eye with concave No. 5 
spherical} tells you, after a certain “searching,” that he sees 
disti only the line on the right side, inclined 10° to the ver- 


tic hile all the other lines are more or less indistinct, espe- 
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cially the one which is perpendicular to the direction indicated, 
that is to say, inclined on the left 80° to the vertical. 

There is, therefore, regular astigmatism ; one of the two principal 
meridians is inclined on the right 10° from the vertical, the other 
on the left 80° from the vertical, and this latter is myopic to the 
amount of 5 D, since with — 5 the lines perpendicular to its direc- 
tion are seen clearly and distinctly. 

In order to determine the refraction of the other principai 
meridian you combine with the spherical — 5 a convex cylindrical 
No. 0.25, axis inclined on the left 80° to the vertical. The 
patient does not see so well. Therefore we judge this meridian to 
be more myopic than the other. You now try the concave 
cylinders, beginning at 0.25. 

The patient, we find, finally, sees best with — 0.75 axis 80° on 
the left ;* all the lines of the figure ap- aoe 
pearing to him to be equally clear, and 


the acuteness of vision, which we should bs 


0 
always try as the final test of our cor- m 
rection, has become 1 exactly. For the ™ ra S E 
right eye you find the same ametropia, only the (in tion of 
the astigmatic meridian is symmetrical to that e left eye, 
that is, the inclination of the axis of the No. cylinder must 
be 80° on the right. | 
Our examination has proved to us Q., difference in the 
refraction of the two meridians is A This is incontestable, 
but are we so sure that the myopia% one is 5 D and in the other 
is 5.75 D? No; because a pea&xten of the myopia may be due to 
an effort of accommodati order to convince yourself of this, 
combine with the cylin NY 0.75 a moderately strong spherical 
glass, and you will iG stonished to find that even with a spherical 
— 4 combined i> cylindrical — 0.75 the patient sees as well 
as with the N° He will tell you, moreover, that he sees much 


* We j the inclination of the axis by a double line and in its relation 
to the vertħąat 0°, as shown in the diagram (Fig. 21). 
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larger, and that this glass fatigues his eyes much less than his 
own glasses. 

It very frequently happens that astigmatic myopes, who, never 
seeing distinctly, are led to use stronger and stronger concave 
glasses because they mistake the smallness of the object for 
distinctness. 

The muscles of accommodation are, therefore, thrown into a state 
of permanent contraction ; they suffer, in consequence, oftentimes, 
from an extreme asthenopia, accompanied by neuralgic pains and 
photophobia, and what is still worse, choroiditis, which is often 
the cause of the myopia, finds in this constant irritation of the 
ciliary region an aggravating factor. 

After having verified the degree of myopia by means of the 
ophthalmoscope, which is found to be 4 D, you order for the 
patient, for distant vision, the following glasses :— 

L. E. Spherical concave No. 4 combined with a concave 
cylindrical 0.75, axis 80° to the left. 

R. E. Spherical concave No. 4 combined with a concave 


cylindrical 0.75, axis 80° to the right. ms 

In writing the order for cylindrical glasses i xO ays well to 
make a diagram of the spectacles as be ar when lying on 
the table, with their branches in ae st as the patient will 
look through them; that is, with Se on the left side corre- 
sponding to the left eye, the right o the right eye. On this 
the degree of inclination of age of the cylinder to the right or 
left of the vertical can be } ted, and any misunderstanding or 
mistake avoided. ne 

In order to see and you give him only the cylinders 
which correct aS 
that is, conca linders No. 0.75, with axes directed as above 
indicated? Prese will be found to work admirably ; objects which 
we jel Orrin appear more sharply defined, letters blacker, and 


rence of refraction in the two meridians, 


of more consequence, he can remove objects much further 


eo Y though the glasses have but a feeble action, and only 


one meridian. 
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You give him, moreover, such hygienic advice as we should 
never neglect in dealing with myopes. We have already pointed 
out what this should be, in the lectures devoted to diagnosis. 

Your patient leaves you in serious doubt of the infallibility of 
his optician and his own ideas of irido-choroiditis and visual power, 
but, on the other hand, distrustful of the discovery which you 
have made as to the condition of his eyes: “no collyrium and an 
order for complicated glasses !” 

He returns after a short time. He has tried to follow your 
advice; for reading all goes well; for distant vision it is well 
also, but it is impossible for him to play the piano. If he uses 
his glasses for near vision he must bring himself too close in 
order to see the notes distinctly. This is evident, since his myopia 
is 4 D after correction of the difference in the two meridians, and 
in order to see at the distance of the notes, 50 centimeters, he 
must have 400 — 2 D. Although it will not be necessary to 
completely neutralize his myopia, it must be diminished by 2 D 
(4—2 = 2). You will therefore give him for both eyes spherical 
concaves No. 2, with concave cylinders 0.75, axes as abave. All 
difficulties will then disappear. sss 


Case 5.—You have here a young man È out sixteen 
years. He has never seen very well, either a istance or near 
at hand, and yet he has never been able to, N any glasses which 
would correct his faulty vision. aN as been following a 
course of mathematics the difficult is vision has pocos a 
serious obstacle, in the first place YN he cannot see the charts 
on the wall, and in the second because he has the greatest 
difficulty in making geomet rv 


His eyes present no tions visible to the naked eye; they 
are neither excessivdly ghort nor excessively long. But you cannot 
help being struckgjth the asymmetry of the face, which is quite 
pronounced. (S) r thoughts, therefore, turn immediately to 
astigmatiainn 

You examine the left eye, according to the rules already 
pai out. Without a correcting glass he reads, but confusedly 


A@ 
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and with difficulty, the first two lines of No. 1 and 0.2 (Monoyer), 
and if he attempts’ to make out more he commits very great and 
curious errors. He confounds letters which have no resemblance 
to each other, and sometimes makes out a complicated letter while 
he cannot distinguish a very simple one by its side. 

A convex No. 1 increases the visual acuteness to 0.2 or 0.3, but 
no more; stronger convex glasses diminish it. 

Place before him the radiating figure and put the convex glass 
No. 1 before his eye. He sees only one line distinctly and that 
not perfectly black. This is the vertical line; all the others are 
confused. 

You add a convex cylinder 0.5, with its axis in the direc- 
tion of the line which is least distinct and perpendicular to the 
line which appears clearest; the lines then appear more confused. 
The vertical meridian does not, therefore, appear to be hyper- 
metropic, since the horizontal lines and those approaching it are 
not clearer with + 1 spherical, and are even less distinct with 
a + 0.5 cylindrical. But by turning the cylinder before the eye 
you will find a position in which the vertical Res at more 
distinct than with the spherical alone. This ig@(ker the axis of 
the cylinder is vertical. The horizontal an is, therefore, 
more hypermetropic than 1 D. 

Now try cylindrical glasses still nor and the vertical line 
will become yet more distinct an eighboring lines will also 
become clearer. Finally, withSeylindrical + 4, all the lines are 
clearly made out, with the mera of the horizontal and two or 
three of those nearest it, 

With this aN herical + 1 and cylindrical + 4 axis 
vertical, the acute of vision becomes 0.5. This is truly a 
wonderful resu&, gompared with that obtained with the spherical 
lens alones Gpt you must not content yourself with this, knowing 
well thae vertical meridian is not corrected, since the 
hori TA lines do not appear as clear as the vertical. 

> already know that this meridian is not more hypermetropic 


OS n1 D. Try and see if it is emmetropic, that is to say, if all 
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the lines are clear and distinct without any other correction than 
that in the horizontal meridian. This has a hypermetropia of 
4+1=5 D (4 cyl.,1 spher.). With a cylindrical + 5, axis 
vertical, the lines are seen about as before, possibly more dis- 
tinctly, and by adding a negative cylinder of 0.75 D, axis hori- 
zontal, the horizontal lines become as distinct as the others, and 
the acuteness of vision comes up to 1. You have to do, therefore, 
with a mixed astigmatism, hypermetropia of 5 D in the horizontal 
meridian, myopia of 0.75 D in the vertical, and you order glasses: 
convex cylinder No. 5, axis vertical, combined with a concave 
cylinder of 0.75 D, axis horizontal. 

The right eye is found in a similar condition. 

I have found exactly this degree of astigmatism with the same 
acuteness of vision, 0.2 before and 1 after correction, in one of our 
most distinguished colleagues, only the axes of the principal 
meridians are somewhat inclined. 

It is an interesting fact that Dr. B. can counteract his astigma- 
tism by means of a concave cylinder of 5.75 D, axis horizontal, by 
calling into play his accommodation. In this case an accommoda- 
tion of 5 D corrects the hypermetropia of the verti ridian, 
while it increases the myopia of the horizontal Kyi ian in an 
equal degree, and this latter then becomes 0.75 EaD. 

But this case offers another point of nterest. He can 
completely neutralize his astigmatism der his visual acute- 
ness normal by applying the tip of Qis ger on a point of the 
globe situated upward and outward gn a little behind the border 
of the cornea, about on a la¥@ywith the equator of the lens. 
The pressure exerted on thj t is in the direction of one of the 
principal astigmatic me S. 

But I will not _ulftfly examples, convinced that with the 
indications contaiæsd in the preceding lectures you can, without 
difficulty, dete e the nature and degree of the various forms 
of ametrapigy Wwnd that the examples just given, which exemplify 
the mos plicated cases, will assist you in those of greater 
diffi ; 


180 EXAMINATION OF THE EYES, 


LECTURE XIII 


EXAMINATION OF THE PERCEPTION OF COLORS. 


GENTLEMEN :—We propose to-day to enter into the study of the 
perception of colors. This is, as you shall see by and by, one of 
the most important chapters in the study of the functions of the 
organ of vision, and so much the more on account of the extent of 
its application beyond the limits of ophthalmology pure and simple. 
Its history is not a long one, for it has been developed almost 
under our very eyes. 

Ancient history has left us no study on the subject except the 
treatise of Pliny, where the latter upbraided his fellow citizens 
for being, in painting, inferior to the ancients, who only recognized 
four colors, while in his time they were in possan of a very 
large number. s 

Afterward there appeared the great tregtie” of Leonardo da 
Vinci on the art of employing colors, tlraSrst edition of which 
was published in Paris in 1651. a interest of this most 
important work is confined princi , ħowever, to painters. 

In reality, it is from the tim Newton that we must date the 


that we owe the scienti 


subject. Q 


As to the A in the perception of colors, they were 


is of our present knowledge of the 


study of the physics of or tis to him and to Thomas Young 


neither known studied previous to 1830, when Dalton pub- 
lished his elGey vations on achromatopsia. 

Himself) Wected with a peculiar kind of achromatopsia (he was 
un o distinguish red) he described with great exactness his 


Ry ion, and drew to this the attention of Savants. From this 
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fact comes the name Daltonism, which has been too freely applied 
to all affections of this kind. 

You will observe how near to us the date of this discovery is; 
and although the number of cases in which we find some abnor, 
mality in the perception of colors is already quite considerable, 
we are every day more astonished at the frequency of this defect 
of vision. One fact is, in particular, an evidence of this: In 
England, Norway and Sweden a series of railway accidents have 
happened under precisely the same conditions; collisions of trains, 
in spite of the signals which indicate an obstacle on the track. 
On interrogating the engineers, they asserted that they did not 
recognize the signal, which is green when the way is free and red 
when there is an obstruction. The vision of these engineers was 
then examined, and it was found, to the great surprise of all, that 
there were many who could not distinguish red from green.* 

The employés on the railways were then examined, and so large 
a number were found affected with anomalies as regards the 
perception of colors that they were compelled to contrive signals 


of another character. 

Such an examination was also made in Holland «ae 
The same may be said for some companies in iais have 
done away with all colored signals except We shall see 
further on whether this will suffice. Iam aded that after a 
time all the railway companies will AS use colored signals, 
and employ only those with differentSgutlmes. 

But the examination of the per&ption of colors has otherwise 
a very wide application. In this function is found altered, 
not only in many affections y ocular, but also in a consider- 
able number of discese Ding either primarily or secondarily, 
the brain and spin gpYd. Among these I will cite locomotor- 
ataxy, that form Epysteric epilepsy so well described by Charcot, 
chronic alcoho€sy, etc. But we will reserve these for later study, 


+ 
* So Ss have been able to learn, no accidents have occurred in the United 
States Nj could be referred to an inability to distinguish these color-signals. 
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when we will undertake the examination of the retina throughout 
its whole extent, in relation to its perception of colors. 

We shall first consider colors, in the proper acceptation of the 
term, from a physical standpoint. 

We divide colors into simple and compound, the latter being a 
combination of two or more simple colors. This combination, if 
made in certain determined proportions, produces white. We 
ought, therefore, in decomposing white, to be able, at will, to 
reproduce the various simple colors. We have the proof of this 
in the rainbow and the solar spectrum. 

You all know how the solar spectrum is obtained; a beam of 
white light is let fall on a transparent prism, which refracts differ- 
ently the various colors of which white light is composed. 

In order to obtain brilliant spectral colors the light must be 
very intense and the spectrum must be produced in a dark room. 
Now, since this last condition is difficult to obtain in our dwellings, 
and we have not always the sun at our disposal, a portable 
apparatus has been constructed, which, when directed toward a 
luminous object, gives a spectrum in the interior Cents Such 


an instrument is called a spectroscope. xO 

I show you one here. It consists of ggi tube black- 
ened on the interior and having at Oo) nd a diaphragm in 
which there is a slit that can be wid r narrowed at pleasure. 
The light, after passing through this Stit, falls upon a prism, by 
which it is decomposed. An ae fixed at the other end of the 
tube magnifies the spectrwy amd adapts the eye of the observer 
to the distance at which Cf rst By directing the spectro- 


scope toward a whi ect we see a spectrum more or less intense 


All the colo 
further de &eposed. If a green ray, for example, is allowed to 
fall Liggett it will be deviated in its proper direction, but 


according to the ination of the object. 
Cy the solar spectrum are simple, and cannot be 


+ 


ANY mposed. If you look with the spectroscope at one color 
rainbow, you will not see a spectrum, but only a short band 


RA 
hit color examined. 
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As to the colors employed in the arts and industries, and such 
as are used in coloring papers and other materials, they are simply 
finely powdered colored matter; cinnabar, for example, and chro- 
mate of lead, sulphate of copper, and cobalt which is only very 
finely powdered glass of that color, ete. 

All these materials, even the transparent colored bodies (liquids, 
glasses, etc.) color by absorption. They absorb certain rays of 
the white solar light which falls on them; the other rays pass 
through the body and ‘constitute, by their mixture, the color 
peculiar to that body. The opaque colored bodies absorb, also, 
certain of the solar rays, and that which gives color to the body 
is the rays which are reflected after having passed through a layer 
of greater or less thickness on the surface. 

The coloring matters are, therefore, rarely pure colors, but in 
the majority of cases, only a mixture of colors, notwithstanding 
the resemblance they bear to the simple ones. Of this you can 
easily convince yourself; look at any colored surface through a 
prism or spectroscope, and you will see that the principal color of 
that surface is decomposed into a series of colors, the vate 
of which made the impression on the eye of but a si ofte. 

Here is a paper which appears to you of a pe y pure red; 
that is, it appears to you exactly like the red ie spectrum or 
rainbow. It contains, as you can easily ce yourselves, not 
only red and the shades of red, but low, violet, and even 
green and blue. This green paper€urnishes us a spectrum so 
complete that you would not be ablso judge correctly of its color 
by simply looking at it throu Costs: 

All this is of no grea r nce as far as regards art and the 
industries, whose aim aay on the eye certain impressions, 
it matters not by what)means. But for our examination of the 
condition of Se Rae of colors in a given eye it is nota 
matter of i i> 
colors. .\ N 


Y | 
eae an eye cannot perceive red, there will be a 
Se 


ence whether we employ simple or complex 
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very different impression made by the pure red of the spectram 
and an artificial red, which contains, moreover, a series of colors 
which the eye cannot perceive. 

For exact experiments the spectral colors are always to be 
preferred. They allow of a rigorous examination, and one 
comparable throughout its extent. Unfortunately they are not 
easy to produce or manipulate, because, in order to have the colors 
of sufficient intensity, we must have a very bright sun-light, a 
dark chamber, a heliostat, and a spectral apparatus; in a word, 
we must have conditions which we can seldom command in the 
routine of practice. Another serious obstacle is the difficulty of 
combining the various colors of the spectrum, an indispensable 
condition for a thorough and satisfactory examination. 

Colored materials are, on the other hand, found everywhere. 
They are easy of combination, and we can have them on surfaces 
of any desired dimensions. In order to make a rigorous examina- 
tion, however, we should always have a spectral analysis of the 
color employed. 

What would you say of a physiologist who waNd publish his 
experiments with a bitter substance without i ing its nature ? 
“Tt produces,” he says, “ tetanic symptom Another can deny 
this result from his experiments with agswestance likewise bitter. 
Both, however, are right, if the firs employed strychnine and 
the other quinine. 

If you employ two colors & they may be very different in 
their bases, one containi uch blue and the other a large 
proportion of yellow. Oy der to make the experiments with the 
colors uniform, a LKO st be taken of the various elementary 
colors which th S used reflect or transmit. 

It is very\egsy and simple, however, to analyze any colored 
materiak. N have only to look at it through a spectral 
app nd you have its composition directly. A simple prism 

ve if we look through it at a small band of the color on a 


Š or white ground, 
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Now, the question arises, how can the various colors be mixed ? 

I will not describe the methods for combining the colors of the 
spectrum, which are very complicated and cannot be used in 
ordinary practice.* It is otherwise, however, with the mixing of 
colors used in the industries, and we shall limit ourselves to the 
consideration of these. 

But you must bear in mind that we do not, like the painters, 
mix the colored materials, but the light reflected from them. 
They are very different things. When a painter mixes a number 
of colors the resulting color is not like that which we obtain by 
mixing the light reflected by these colors. He takes a certain 
blue and a certain yellow, for instance, to make a green. If 
you mix, on the contrary, the same blue and the same yellow 
light, as, for instance, by superposing the blue and yellow of two 
solar spectra, you obtain a rose color as the result. Of this you 
can easily convince yourself. 

We have not two solar spectra at hand, but we have here an 
apparatus which allows us to mix the light reflected from colored 
materials. Here is a disc of pasteboard (Maxwell’s disc).\ I have 
made on it two concentric circles. The inner sists been 
painted by a mixture of blue and yellow, to whia¥the name of 
green has been given. The external Se, ever, has been 
painted half in blue and half in yellow. XS 

If we turn this disc rapidly about its Wy means of a clock- 
work, you will see that the inner Sole remains green, as it was 
before, while the outer part gives\you a luminous impression, 
resulting from the fusion of t Qro impressions coming from the 
blue and yellow. The ae rose color, entirely distinct from 
the green at the centre 

In order to expla his phenomenon let us take two colored 
glasses, one <A other yellow. In superposing them and 
looking at the@ , or a white object, you see it colored green. 


+ 
* You a description of these methods in Helmholtz’s “ Physiological 
Optics,” p.898, Paris edition. 
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But this color does not represent the result of an addition, but, 
on the contrary, of a subtraction of colors. 

The blue glass absorbs all the rays of white light, including the 
yellow, except the blue and greenish. The greater part of the 
rays absorbed would pass through the yellow glass. This glass, 
on its part, will absorb nearly all the rays which would pass 
through the blue glass, especially the blue rays. What remains 
and comes to our eye is the color which has not been absorbed 
either by the blue or the yellow glass, and this color is green. 

We have, therefore, not combined the blue and the yellow, but 
have, on the contrary, cut off from the light coming to us the 
blue and yellow rays, and see only that which is left. 

It is the same in painting. We would find it exceedingly 
difficult to convince a painter that a mixture of the seven simple 
colors would produce white. And why? Because, in mixing the 
colors on his palette he never obtains white, but only a grayish 
purple. 

You will see, on the other hand, that nothing is easier than 
to have white by mixing the light reflected from\these various 


N 


colors. 
The direct proof that we have not magento of colors 


in superposing the two glasses is hey he yellow glass is 
evidently much clearer (that is, c s more light) than the 
blue; and moreover, the color (D> which we see through the 
blue and yellow glasses supegfased is much darker than that of 
each glass taken separate eper even than the blue which we 
have from the superp of two blue glasses; a convincing 
proof that the firs @yi tion absorbs more light than the second. 

I shall not occ ime in describing all the numerous methods 
which we have for producing a true mixture of colors.* In order 
to effect $ Gjt is not necessary that the impressions be produced 
simulta i sly, but since each of the impressions continues for a 


+ 


Se e explained this fully in the “Traité Complet d’Ophthalmologie ”— 
We er and Landolt, vol. i, p. 552. 
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certain time it suffices to let them follow each other at short 
intervals. 
For this purpose we use a disc, on which can be placed as 
many colored sectors as we desire. This disc is mounted on an 
apparatus which gives it a rotation so rapid that the eye can no 
longer discern the various individual colors, but only perceives 
the resultant color from the combination of all. 
In order to determine exactly the quantity of each of the colors 
which enter into the mixture, we employ circles of colored paper 
which are cut in one of their radii. In this manner one can be 
slipped under another to any extent desired, and the exposed 
portion measured by means of a protractor. 
If it is desirable to compare the various combinations, it suffices 
to produce them by means of concentric colored circles of different 
diameters. i 
Our apparatus is capable of making 80 revolutions per second, I 


but from 50 to 60 revolutions generally suffice. i 
A statement of these physical facts was necessary to a proper Ik 
understanding of what is to follow; and we will pass no 


of colors. The one that is most widely known is theory of p 
Young, further developed by Helmholtz. Accor¢ 
the eye possesses three distinct kinds of nery; ements, each of il 
which receives one of the three fundam) olors: red, green, $ 
and violet (or blue). iN 

The first kind of these elements is Cited in the highest degree i 


by the red rays, but also onera the green, and feebly by the 


violet. Q 
| The second kind is N by the green rays, and at the same 
| time by the red and veep. 


Finally, the vialataays excite strongly the elements of the third 
species, which KONS somewhat sensible to the action of green 


rays, and Su to the red. . 


> 
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Each of these varieties excited separately transmits to the brain 
the impression of the fundamental color which is peculiar to it. 

The intermediate colors are produced by the excitation of two 
or three of these groups of elements in different degrees. 

Excited in equal degrees the three combined give us the impres- 
sion of white (or gray). You can demonstrate this for yourself 
by the following experiment: I have adapted to the disc of 
Maxwell two concentric discs of different dimensions, the smaller 
composed of black and white, the other of red, violet and green. 
On rotating the instrument rapidly the same impression (gray) is 
produced. by both. 

You ask, probably, why I obtain gray and not white by a 
mixture of the fundamental colors. The answer to this question 
is very simple. White is only a relative expression. A paper 
which you would not hesitate to call white, when laid on the 
freshly-fallen snow will appear gray. The difference between 
white and gray is only one of degree of intensity. Gray is simply 
a dull white. Now, the colors of my mixture are not very 


bright nor intense, as compared with the colors of the solar 
spectrum. It is for this reason that they ete not a 


bright white, but a dull white or gray. In ortion as the 
luminous intensity of the colors of the mixte&vincreases, the gray 


becomes lighter, and approaches more XO to what is commonly 


k hite. 
nown as white me»: 
saa 
< R 


R Y“ 
The sonnei figure (22) represents, diagrammatically, 
this theory ung-Helmholtz. 
The ¢ xX expresses the different degrees of excitation of the 
firsteg ent (the red) by each color of the spectrum. The 
ma&ehim corresponds to the spectrum red. 
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Curves II and III have the same signification in relation to the 
second and third elements (green and violet). 

If you wish to know in what various degrees these three nervous 
elements will be excited by any one color, draw a vertical line in 
the position of that color in the spectrum, in the yellow, for 
example, and see at what heights that line meets the different 
curves of excitation. In the case of yellow we see that the 
elements of that color excite with considerable intensity the 
element of red, the green a little less, and the violet very feebly. 

I ought to add, perhaps, a word in regard to the complementary 
colors, and the manner in which they are explained by the theory 
of Young-Helmholtz. You are aware that when you have looked 
at a colored surface for some time and then turn the eyes toa 
white surface, in the place of the first color you see another ; 
yellow if you have been looking at violet, blue if you have been 
looking at orange, and vice versa. These colors are called’ comple- 
mentary one to the other. 

This phenomena is explained by the Young-Helmholtz theory 


in the following manner :— 
When you have looked at one color intently for a lo xS.2 the 
nervous elements of the retina especially ono color 


become fatigued; in looking immediately af A) at a white 


ground the fatigued elements transmit a muc s strong impres- 
sion than those which have not been sub to action. These 
latter are now excited by the other rs which comprise white 


light and give the impression of or called complementary, 
because it is this one which, "eÉ first one, constitutes white. 


We are able, by mixing ye plementary colors, to produce 
white. N 

We know, therefore( thee different methods of producing white 
or gray. . © 

1. The mi all the colors of the rainbow. 

2. Theure of three fundamental colors. 


N 
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3. The mixture of two complementary colors. All the three 
methods can be carried out by means of the disc of Maxwell. 

The theory of Young-Helmholtz, however ingenious it may be, 
is not entirely free from objections. While it explains most 
admirably some of the phenomena, especially the perception of 
colors, it does not at all explain, or in a very unsatisfactory 
manner, the phenomena of contrast. Having spoken of the theory 
of Young-Helmholtz, I cannot forbear to mention another newer 
theory, not less ingenious, which, particularly in regard to the 
perception of light, is very plausible indeed. This is the theory 
of Hering. I very much regret that the time allotted to these 
lectures will not allow me to enter into a consideration of this 
ingenious theory in detail. But for its full comprehension a series 
of experiments would be necessary which it is impossible to repro- 
duce here, where we must limit ourselves to matters strictly prac- 
tical. I advise you, however, to read the work of Hering, which 
he presented to the Academy of Vienna under the title “ Zur 
Lehre vom Lichtsinne,” and familiarize yourselves with this new 
and ingenious explanation of the sensation of light and colors. 

We hasten on to our principal subject—the Re ination of the 
alterations of the perception of colors. 


Derangements in the perception of col re of two principal 
kinds. I. Achromatopsia (absence oD perception of colors). 
II. Dyschromatopsia (a difficultyXthe perception of colors— 


diminution of perceptive powef). 

Achromatopsia and ee: may be total or partial, 
according as the infirmi ects certain or all of the colors. 

I. Total achroma is a condition in which the individual 


brightness. jects are seen in about the same condition as in 


has no rong color, and only distinguishes differences in 


a Pe 
This ion is very rarely congenital, only a few cases of the 


Se been accurately examined. 


ave myself examined four cases of this character—young 
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men of eighteen to twenty years, who were born achromatopic. 
They all presented, aside from the achromatopsia, a considerable 
degree of amblyopia, photophobia and well-marked pallor of the 
optic nerve. 

Total achromatopsia has been more frequently observed to 
develop itself in the course of cerebral affections or atrophy of the 
optic nerve. In these cases it is nearly always accompanied by a 
diminution of the other functions of the retina. 

In the partial achromatopsia there is simply a lack of the 
perception of one or more of the fundamental colors. It is most 
frequently the red which is wanting, whence the name anery- 
thropes given to persons so affected. Such was the case with 
Dalton, and hence it is frequently called Daltonism. But this 
word cannot be applied with exactness to the other numerous 
forms of the derangements in the perception of colors, nor even to 
all the forms of partial achromatopsia. Indeed, other elements 
besides the red may be affected; the green, the blue or the violet 
can be the lacking colors. 

The symptoms of partial achromatopsia are easily inferped from 
what has been said above. 

In this affection, that part of the solar spectru esponding 


If this part does not appear absolutely b it goes to prove 


to the color which is not perceived must necesga ppear dark. 
that the color which is not perceived a oF feeble degree, 
the other nervous elements, which s for the transmission or 
perception of other colors. 

When the color that is not oo is an extreme color of the 
spectrum, the spectrum a Is ortened at one or the other of 
its extremities. 

It has been aO for the partial achromatope the 
maximum of bri Gs of the solar spectrum is frequently found, 
not in the O in the normal eye, but in another part of the 
EAN 


> Srp of partial achromatopsia is that we can 


wen) 
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produce, by means of two fundamental colors which are yet 
perceived, all the shades which the patient distinguishes, including 
white. 

Thus, a partial achromatope who cannot distinguish red attri- 
butes to a certain combination of violet and green a grayish tint, 
which is produced for the normal eye by a mixture of white and 
black, or a mixture of all the three fundamental colors. 

Finally, colored substances which contain a great deal of the 
color which is not perceived appear much darker than those which 
have less of it. 

II. The second kind of derangement in the perception of colors 
—dyschromatopsia—is much more frequent than the first form. 

Individuals of this class perceive all the colors, but all or a 
certain number do not make an impression as strong as on the 
normal eye. Consequently they have difficulty in recognizing 
certain colors; whence the name dyschromatopsia given to the 
affection. Dyschromatopsia, like achromatopsia, may be complete 
or partial; that is, it may affect the whole or only a portion of 
the colors. 

Dyschromatopes see the solar spectrum of AOE extent as 
the normal eye. They recognize perfectly t ors committed 
by the partial achromatopes. Only, Ra closely allied are 
frequently confounded ; violent is tak © lue, orange for bright 
red, pink for blue or bright viole As to the other bright 
shades, they are confounded withwhite, and the darker shades 
appear as gray or black. x 

In less pronounced cas e patients, under a functional exami- 
nation, act as hongt Oy intelligence, or as though not accus- 
tomed to distingu NN ne different shades of color, because, in 
looking steer) they come sometimes to distinguish colors 
which they, before confounded. On the contrary, the most 

s Dos call to mind the true achromatopsia. I am 


pronoun 
congigg “moreover, that many of the reported cases of achroma- 
tO 


are only those of dyschromatopsia not fully investigated. 
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For such an examination much more patience and precaution are 
necessary than one would suppose. 

Indeed, the perception of colors is influenced by a great number 
of circumstances. 

Strict account should be taken of the intensity and extent of the 
color, the ground on which it is seen, and the general illumina- 
tion. Ifthe influence of a single one of these factors is disre- 
garded, achromatopsia can be found in all eyes, without exception. 

Here, for example, is a card on which I have fastened small 
paper squares of bright colors, two millimeters apart, partly on a 
white ground and partly on a black ground. 

Place this card at a distance of about ten meters and you will 
see each small square as a point of greater or less brightness, but 
without any coloration. 

Increase the size of these squares, or what amounts to the same 
thing, diminish their distance from the eye, and you will find 
them, successively, to assume their proper color, distinguishing 
first the orange, then the yellow, bright green, red, blue, and 
finally the violet. 

You should bear in mind another very important $ 


that the larger number of colors is better reco 
than on a white ground. At a distance ome Qs appear black 
on a white ground, such as red, blue O at the same 
distance, on the other hand, they are ea KO) rècognized on a black 
ground. 


Colored grounds bring out KA eo their complementary 


colors; on a red ground, f ample, green comes out with 


greater distinctness Ne 
examination of the PO lon of colors, we should never use a 


colored ground, but ck one. 


any other. Therefore, in the 


But the perc Cop. of color is most influenced by the intensity 
of the color a, pat of the general illumination. You know that 
in NY become more and more indistinct and finally 
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disappear; the violet vanishing first, then green, yellow, and 
finally red and blue. 

In the night we recognize the fortas of objects by the differences 
in brightness, but we do not distinguish their color. 

In order to study the influence of the intensity of colors on the 
facility of their perception we have only to combine them with 
black on the rotating disc of Maxwell, and we instantly see what 
is the minimum quantity which each color requires in order to be 
recognized. A very considerable proportion is sometimes neces- 
sary, often 10° for 360° of mixing. 

All these facts prove to us that the normal eye itself is found 
in a state of dyschromatopsia, or even achromatopsia, as regards 
colors of small extent of surface, lessened intensity and insuffi- 
ciently illuminated. 

In other words, dyschromatopsia is frequently only an 
exaggeration of a defect of the normal eye. Between the normal 
eye and the achromatopic eye there are numerous degrees of 
defects in perception of colors, passing into each other by gradual 
and imperceptible shades. The difference between them is only 
one of degree. 

This fact is not commonly known. It is hoP, in part, of 
the observations which I have made on he and diseased eyes, 
which have also led me to other import esults. 

It has always been thought E peripheral parts of the 
retina were achromatopic. ion was based on the fact, 
which was true, that the HS 
angle of 70° or 80° appa colorless, and that in order to be 
recognized they must C 
fixation. 


colored papers, seen under an 
roached more or less to the point of 
But I have A that it is only necessary to increase suffi- 


ciently RET or their illumination, in order that all the 
colors mag recognized, up to the very periphery of the field of 


visi GS 
this we derive most important indications for the 
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examination of the perception of colors, and you see that it is 
indispensable in this examination to take account not only of the 
composition of the colors which we use, but also of their extent, 
intensity and general illumination. 

We will now consider the principal methods which are used in 
investigating the faulty perception of colors. 

It evidently is not sufficient to show a patient a series of colors 
and ask him to designate them, nor to make him point out the 
different parts of the solar spectrum. 

A partial achromatope may be able to call by their names all 
the various colors, which he can no longer see, as we do; he 
distinguishes them, it may be by a difference in their brightness, 
or by other indications which education has taught him. 

We first place before the patient a series of colors in order to 
find the kind of defect present. We must have for this purpose 
a large number of different shades. The series which I use is 
composed of 350 different specimens. 

We ask the individual under examination to choose from this 
number those which appear to him to have the same gâlor, an 
operation which it takes the normal eye only a ex Na to 


and will confound the different shades of alli ors. 
A partial achromatope will make ne, ter errors, and will 
place green, for example, by the side 


accomplish. 
A dyschromatope’ will find great ao. them, 


ed, blue by yellow, etc. 
This will tell you the colors to whe you should pay particular 


attention in your examination, Q 
Holmgren and others PD proposed for this examination 


samples of colored woo ich are exceedingly well adapted for 
this kind of examinafioy.~ To facilitate the examination, we place, 
as proposed by Hetwgren, one of the samples before the patient 
and ask him t ct from the others those which seem to him to 
be most Ww and pile them together. Holmgren begins by 


oa 


sample of green, bright and pure. The examination 


fsitwarete 
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is continued until he has arranged all the samples in piles which 
are to him of the same color.* 

An achromatope will place samples of rose, gray and red 
together. 

Then a sample of purple is placed before him. If in the first 
examination it is found that he has a defect in the perception of 
colors, but makes no mistake in respect to purple, he is only 
dyschromatopic. If, on the other hand, he adds the blue and 
violet, or either one, to the purple, he is achromatopic for red. If 
he confound the purple with green or gray, or both, he is achro- 
matopic for green. If he adds red or orange to the purple he is 
achromatopic for violet or blue. 

A sample of bright red is next given him. If achromatopic 
for red he will add as identical colors shades of green and brown 
which appear deeper to the normal eye than the red in question. 

If achromatopic for green he will add shades of green and 
brown, which appear brighter to the normal eye than the red. 

A method for the diagnosis of achromatopsia analogous to this 
has been proposed by Daae. For this purpose he employs a card 
containing the samples of colored wool arranged espégially for the 
diagnosis of achromatopsia for red and green. XÙ 

The table is composed of ten horizontal s of colors, each 
series being composed of seven colors ésented by woollen 
threads. In a certain number of the the colors are placed 
in the order of their intensity (s Pn) These series corre- 
spond to numbers III (purple), (green), IX (red). The other 


lines do not enclose colors gf thé same order; that is, there is a 


variety of colors. His of examination is as follows :— 
He places the car Oy sition where it will be well illuminated 
* A translation of, ren’s admirable paper on “ Color-blindness in its Rela- 

tions to Accidents il and Sea,” will be found in the Report of the Smith- 


sonian Instituti for 1877. Dr. B. Joy Jeffries, of Boston, has also treated of 
the matter at StDlencth, in a paper on the “ Dangers of Color-blindness in Rail- 


f Health. The bibliography appended to this paper is the most 


State 

com at has yet been published.—Tr. 
J 

WS 


road aa and Pilots,” in the Ninth Annual Report of the Massachusetts 
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by daylight, and tells the patient that certain of the horizontal lines 

contain colors of the same tone, but of different degrees of satura- 

tion, ranging from the deep to the light, and asks him if the colors 

in the first series are of the same tone. When he has made his 
answer he is asked in regard to the second series, and so on until 

the whole is examined. If he recognizes all the colors, with their 
| gradations in saturation, he is not achromatopic. 

If he distinguishes neither the lines which contain only a 
single color, nor the others, his perception of colors has not been 
thoroughly examined. In such a case the trial must be begun 
again and repeated frequently, until a definite result is obtained. 

If hesays that one series which contains different colors contains 
only different shades of the same color, he is achromatopic. 

In order to study, thoroughly, the nature of the achromatopsia 
it is important to show to the patient a solar spectrum. Is this 
seen in its normal extent? or does it appear shortened at one of 
its extremities? Is it, in some portions, obscured? Is the 
maximum of brightness at the same place as with the normal eye? 
These are some of the questions which you must HASA 
the eye under examination is partially achromatopic 

In order to be more sure you can produce on t ating disc 

of Maxwell a mixture of two fundamental c @) hich make on 
the eye the same impression as a mixture of k and white. If 
Or that the eye is not 


such are not to be found then you mgy 
affected with achromatopsia. 

The method which I employ Orn. determination of the 
perception of colors rests on ly the same principle as the 


other methods of examini Ge unctions of the eye. 

As in determining eÇ% al acuteness we endeavor to find the 
smallest retinal imagàyñich it can distinguish, and in determining 
the perception Gaht we find the minimum quantity of light 
which makes Qrinous impression, so for the perception of colors 


I find th NN imum of colored light necessary to produce the 
R that color, and I express this minimum by a number. 


D 
N 
X 
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To find this minimum of colored light I employ a method 
similar to that which is used in the determination of the perception 
of light, that is to say, I diminish gradually the intensity of the 
color. Now, to diminish the intensity of a color, be it white or 
colored, is the same as adding black to it. For this purpose I 
employ a modified disc of Maxwell. 

The apparatus of Maxwell consists of a clockwork which sets 
in rapid rotation discs of colored paper, inserted one under the 
other so as to leave part of each exposed. These discs make fifty 
revolutions a second, and the sectors of colors succeed each other 
so rapidly that their retinal images can no longer be distinguished 
as separate colors, but make on the eye the impression of the color 
of the mixture of all. 

In 1875 I proposed, under the name of “the method of 
minimum intensities,” a procedure which consists in superposing 
on the apparatus of Maxwell a black disc and a disc of colored 
paper. By varying the surface of the colored section we can 
express in degrees the quantity of color which enters into the 
mixture. 

But it might be objected that the black of ong paper is 
not an absolute black, and, indeed, the most Ge se black which 
we can produce by means of dyes is far fro solute black. 

To do away with this defect I naeQdlevised the following 
modification of this procedure. T ng which sets the axle of 
the apparatus in motion is enoe the bottom of a deep box 
lined throughout with black Kèt. All the light which enters 
this box being absorbed @pr interior represents, very perfectly, 
an absolute black. e) terior part is pierced by a relatively 
small circular on The anterior extremity of the axle is 
just in the cente 9 this opening. Ifa section of color is fixed on 
this end and@he apparatus put in motion the color becomes mixed 
with the of the box. 

N in, at the same time, many degrees of intensity of color, 
Ji M t on the apparatus a piece of colored paper composed of 
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five sectors, which diminish in size from the centre to the 
periphery, and which, in turning around the axis, describe five 
colored circles of intensities decreasing from the centre. 

We have selected the sectors of such a size that the smallest 
mixed with the black describes a circle which is just at the limit 
which the normal eye can perceive; the second is twice the size of 
the first, and therefore corresponds to a color perception equal to 
one-half of the normal; the third is equal to one-fourth of the 
normal, and so on to 3. 

In experimenting with this apparatus I do not allow the 
individual under examination to see the five colored rings at the 
same time. To prevent this the circular opening in the box is 
covered by a diaphragm, pierced by five openings, which are 
provided with covers of the same size. Each of the concentric 
colored circles corresponds to one of the openings in the 
diaphragm. 

We put the apparatus in motion, all the openings in the 
diaphragm being closed; we then remove cover No. 1, and if the 
individual under examination sees the color, I estimate Key his 


faculty for the perception of colors is normal, or = NIP it is 


necessary to uncover No. 2 in order for the ae distin- 
guished the degree of the perceptibility will be , and so on to 
4, 4 and 54, according as it is necessary to successively the 
apertures Nos. 3,4 and 5. We can t termine easily and 
rapidly the quantity of colored light wich an eye under examina- 
tion is capable of mer and Wa are enabled to express the 
result obtained by a nga’ 

It is evident that we ar Nicer to limit ourselves to the 
five sectors which we Sw hosen for our determination. We 


can increase the numery erjto any required extent. Moreover, since 
these questions haGypegun to be studied in ophthalmology, it has 


become easy to everywhere colored papers of the same degree 
of BOTA e can therefore consider the color as constant. 
Lt is evident that we should take account here of the 


S 
o 
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general illumination, as we do in the determination of the 
acuteness of vision and the perception of light. To this end we 
unite to our chromatometer a small photometer on a primitive 
plan, which indicates at what distance from the window the 
apparatus must be placed in order to obtain exact results. 

This photometer consists of a translucent card on which is 
drawn a black line. The card is approached to the window until 
the black line is seen by transmitted light. 

This apparatus, which I have now used for a considerable time, 
is very simple and practical, and by it we can easily diagnose the 
different degrees of achromatopsia and dyschromatopsia. 
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LECTURE XIV. 


INDIRECT VISION AND THE VISUAL FIELD. 


GENTLEMEN :—The functions of the eye which we have been 
considering in the preceding lectures, visual acuteness, refraction, 
and perception of colors, have all relation to DIRECT vision; in 
other words, we have examined only the functions of the macula 
lutea. 

But, as the retina is extended much beyond the macula, our 
vision is far from being limited to the point of fixation. On the 
contrary, it embraces a large extent at the periphery, in which 
objects are seen indirectly, and this is called the Visual Feld. 

The field of vision is, therefore, the space throughout which the 
eye is able to see while its visual axis is directed to a eek fixed 
point. And as we call direct vision that which pe o the | 
macula, that which belongs to the rest of the We is called ù 


indirect or peripheral vision. 
We shall occupy ourselves to-day wage consideration of 
e 


indirect vision and the limits of the vis | 
Indirect vision, although it may bear indistinct and imperfect l 
O 


in comparison with central vision,js,fiowever, not less important 
than the latter. Without poi vision we would be in the 


condition of a man A 


h a long, narrow tube which 
would allow of his sge othing but the object to which the 
axis of vision was oe It would be impossible for him to 
see objects to o rele without an incessant turning of the head. 


Imagine the N inconvenience we should experience in looking 
SS a state of vision, that is, with a visual field 


about u 


ag Sa vision ! 
4 


| ‘XO 
> 
| 


202 EXAMINATION OF THE EYES. 


We know that without looking directly at the earth we can 
walk with perfect security over the most unequal ground, and 
avoid obstacles as they present themselves in our pathway. This 
would not be possible without the integrity of the upper portion of 
our retinæ, which corresponds to the lower part of the field of vision. 

Again, it is the functional integrity of this part of the retina 
which permits a player on the piano to fix his gaze directly on the 
music he is playing, his indirect vision allowing him to direct the 
movements of his hands. If you will try to walk, or play the 
piano with a screen placed horizontally below the eyes, you will be 
speedily convinced of the very important service indirect vision 
renders us. 

The movements which a leader of an orchestra makes with his 
baton are not, for this reason, as superfluous as would at first sight 
appear. The musicians, although they cannot turn their eyes 
from the notes, perceive, as a shadow, by means of their peripheric 
vision, every movement of their leader. 

It would be easy to multiply examples, since all our occupations, 
all our movements in the streets and in our hoses would be 
difficult in the extreme if we did not possess Mire vision. 
It is this, in a word, which enables us to avoid Ghose things which 
approach or menace us from all sides. S 

The pathology of indirect vision is aS much importance that 
we have reserved its PROS, special lecture. 

We should, however, in thefGrs place, know how to examine 
the field of vision in regard, , to its limits, and, second, to its 


functions. Q 
We shall first eget for measuring the extent of the 


field of vision. 

It has been Gagight that this could be accomplished by causing 
the individ to fix a point on a blackboard and marking on the 
board thEPdnits at which the eye could distinguish a white object 
gri removed from the central point of fixation. This 


méwfed, however, is very insufficient and inexact. 
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To convince yourself of its insufficiency, fix with one eye the 
index finger of the left hand, and make movements at the same 
time with the right hand at an angle of gradually increasing size 
with the visual line. You will then see that on the outer side 
as well as at the lower and outer quarter of the visual field, the 
eye can distinguish movements of the hand at an angle of 90 
degrees and over. The limits of these parts of the visual field 
could not, therefore, be determined by means of a plane, since the 
rays coming from peripheral objects, falling in the eye perpen- 
dicular to the visual line, are necessarily parallel to the plane, and 
cannot, consequently, emanate from it. 


FIG. 23. 


Examine Fig. 23. Let PP be the section of a on which 
the visual field is to be determined. The lumi ay He, which 
falls on the eye under an angle of 90° wit (S) isual line, cannot 
come from the plane PP, since it is para it. 

But, even if it were possible to ci V the visual field on 
a plane, this method would oN inexact. We do not wish 
simply to determine the limits of he field of vision, but also the 
functions of the os ae of the retina. For this 
purpose we use test ohj AV jai alogous to those which we employ 
for central vision. yit is evident that in moving either the 
letters of the tok tJpes or colored squares along a plane we 
examine the dj Geyent portions of the retina under entirely different 
conditions ; (D) object is further from the retina in proportion as 


it is rem from the point of fixation. Thus, supposing the eye 
to Seiten from the board, one part (a), situated at 40 
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degrees from the macula (m) is 39 cm. (aA) removed from the 
object, and a part b, situated at 80 degrees from the macula, is 
found at a distance of 173 centimeters (bB). 

It is only up to a distance of 45 degrees that the differences in 
the distance can be practically neglected; beyond this they 
increase in such a proportion that all comparison between direct 
and indirect vision really becomes impossible. 

In order to examine the visual field throughout the whole of its 
extent, and under such conditions as are comparable for all points 
of the retina, it is evident that the eye must be placed in the 
centre of a sphere one of whose poles it fixes. 

The limits of the visual field would then be determined by 
means of the maximum angles under which the objects would yet 
be distinguished, and the functions of indirect vision would be 
examined by moving objects on the internal surface of this sphere. 
This method is the only rational one, because the sphere allows us 
to determine the visual field up to its extremest limits, and more- 
over, the test objects are always at the same distance from the 
various parts of the retina under examination. 

Now, a sphere can be obtained in a variety of w ays most 
practical form, however, is that found in the meter, which 
Aubert was the first to use, and to which ey 
following form (Fig. 24) :— 

It consists essentially of an arc ae we of the value of a 
semi-circumference, which, in turn o 


ave given the 


ut its apex, describes in 
space a hemisphere, at the TTN which is found the eye under 
examination, ko 
This arc of the circle i sgirdsented by P in the figure, and its 
apex is supported by rack mn (A). In front of this first support, 
ase, 


and fixed on the sgm is a second upright (B), of such a height 


that its upper, © which is bent slightly backward, is just at 
the level of SA orbital wall when the eye is at the center (C) 
of the In order to fulfill this last condition this shank (C) 
must NN against the lower edge of the corresponding orbit. For 
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fixing the chin there is a cross piece of wood which glides up and 
down on the upright (B). This piece has two depressions, one on 
each side of C, for the chin to rest in. 

If you are examining the left eye, for example, the chin, in 
order that the head be held erect, must rest in the depression on 
the right side. The cross piece should, therefore, be sufficiently 
elevated, so that when the head is resting on it the lower portion 


FIG. 24. 


of the left orbit should be ryo level of the top of the shank, and 
in contact with it a ay the optical centre of the eye 
is at the centre TQ} e hemisphere which the arc describes 
when turning ab 8 axis. 


The arc noe into degrees, starting from 0°, which marks 
its apex, 0° on both sides. The divisions are marked on 
the o of the arc. 


A clination of the arc to the meridian is read off on a small 


Ke 
N 
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dial which is placed vertically on the outside of the arc at its apex, 
having the apex as a centre. Around the face of this dial moves 
a pointer (I) parallel to the plane of the arc and turning with it. 

The inner surface of the arc is blackened, save at the point of 
fixation. The object which is used to examine the indirect vision, 
white or colored paper, figures or letters, can be moved by forceps, 
or can be placed in a small frame which glides along the arc, and 
whose posterior arm indicates the corresponding degree on the 
outer side. 

For delicate measurements in the neighborhood of the yellow 
spot the divisions, up to about 20° from the centre, are in half 
degrees. It was by means of this division that I made my 
determinations of the distance between the macula and optic 
nerve. For the determination of the limits of the visual field we 
proceed as follows :— 

The head being fixed as indicated previously, and the eye to be 
examined being placed in the centre of the arc of the perimeter, 
we cover the other eye with a bandage rather than with the hand 
or a handkerchief, the thickness of which latter is likely¢o restrict 
somewhat the inner portion of the visual field. Ä 

We then request the patient to fix accurate e white spot 
marked on the centre of the arc, while the ex; ra placing him- 
self behind the perimeter, controls with xe) greatest care the 
direction of the eye and checks its lea ements from this posi- 
tion. Then, the are of the perithetér’ being held in a certain 
plane, the horizontal, for example @De test object is advanced from 
the periphery toward the a Qrp to the point where it is recog- 
uized by the eye under ation. This point marks the limit 
of the visual field for Wadi meridian. The examina- 
tion being complet€d $f one side of the arc, it is made in the same 
manner for the @ther. 

Another ye is then taken, and the limit found at which an 


object i xQynized when approached from the periphery toward 
the ES) 


SÀ 
ao 
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Ordinarily it is sufficient to examine only four meridians, the 
horizontal, the vertical and two intermediate, that is to say, a 
meridian for every 45 degrees. 

The field of vision, thus determined, is transcribed on a diagram 
which represents the projection of a sphere on a plane surface 


Fia. 25. 


(polar equidista A Nion) (Fig. 25). This diagram consists 
of a series of aahi circles cut by numerous radii, or rather 
diameters, T Centre, zero, of the figure corresponds to the 
point of R and the diameters to the different planes of the 

meridians in which measurements have been made. 


arc, N 
R extremity of each diameter is a number indicating the 


208 EXAMINATION OF THE EYES. 


degree of inclination of the corresponding meridian to the 
vertical; this division corresponds necessarily to that of the dial 
of the perimeter. The radii are themselves divided, counting 
from the centre, into equal parts, each part corresponding to 5° of 
the divisions on the arc; 0° representing the apex and 90° its 
extremity. 

It is easy, in this manner, to represent on the diagram the 
results of an examination of the visual field. Two diagrams are 
usually placed side by side on the same sheet of paper, the one on 
the right hand representing the right eye, the left one the left eye. 
The external part of the visual field of the right eye is repre- 
sented by the right side of the corresponding figure, the inner 
part by the left side; the reverse is the case, of course, for the 
other eye. 

Suppose we are examining the right eye; we have examined 
the horizonta] meridian, and found 85° on the outer side and 40° 
on the inner. We now find on the horizontal diameter, in the 
figure on the right hand, the division numbered 85° and mark it, 
and at the same time mark 40° on the left side. Waethen pass 
? inclined 


— 


on to the intermediate meridians, to the one, for ex; 
45° to the right on the upper part, and find on diagram the 
rees which have 
been found to limit the visual field i t direction. After 
having found and marked the ‘© rresponding to each 
meridian we have only to unite, Mey continuous line, the different 


all directions of the field of 


corresponding diameter, and mark on it th 


points marked, to have the limi 
vision. 

The inner curve of F, ree was obtained in this manner, and 
marks the extent of S field of my right eye when I fix 
accurately the apeÑ of the arc (the centre of the figure). The 
extent of my wigGe} field is as follows: outward 95°; upward 53° ; 
inward 47° ;@yWnward 65°. 

We Ree that the visual field is far from being circular, as 

suppose it, a priori, to be. It has its greatest extent 


OY 
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outward and at the lower external portion. The upper, and 
particularly the inner part are much more restricted. 

We would be likely to attribute the limitation upward and 
inward to the presence of the cranial bones; and the superior 
edge of the orbit and bridge of the nose do interpose, indeed, a 
considerable obstacle to indirect vision. 

The influence of the nose, however, can be eliminated by a slight 
rotation of the chin-support around its axis. In order to avoid 
all obstacles a point must be fixed for each meridian at 30° in 
the opposite direction to that under measurement. Under these 
conditions a curve is obtained as represented in the outer curve 
in the figure. But you see that in spite of all these precautions 
the field of vision yet remains restricted in the directions indicated. 

This is due, in part, to the fact that the retina does not come so 
far forward on the outer as on the inner side of the globe, but the 
principal reason is that the outer part is less used than the inner. 
When we see (in indirect vision) to the left side, it is not with the 
external part of the retina of the right eye, but with the internal 
portion of the retina of the left eye, while the external pert of the 
left eye is replaced by the inner part of the right e < follows 
that the functions of the parts less exercised a s developed, 
and that the visual field corresponding uch parts is less 
extended. This explanation, which I gaan 1872, has been 

© 
recently confirmed by the experiments(of) enders. 

After having thus determined the Winits of indirect vision, we 
must examine its functions, folloWwag the same principles which 
have guided us in the determi Cron of direct vision. 

The acuteness of visia G peripheral parts of the retina has 
only recently been the subject of research. When in 
Utrecht I made Kaipinations of this kind with my friend Ito. 
We used, as tegfaobjects, two small black squares on a white 
ground, iden 9 with those in Nos. I, II, III, IV, in Figure 26. 
Thes CO introduced successively in the frame of my peri- 

SS determined, separately, the degree at which the two 


meter, 
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squares could be distinguished from each other. It was astonish- 
ing to see to what a short distance it was necessary to approach 


FIG. 26. 


EE um sna 
I I 


il IV 


these objects toward the centre in order that the two póints be 
distinguished from each other. 

The diagram (Fig. 27) indicates for my right eye the limits of 
the different visual fields for each size of the object; the figures 
nearest the centre of the diagram correspond to size No. IV, the 


FIG. 27. 


second to No. III (th Qira to No. II, and the external one to No. 
I. These expeygZments show us that the visual acuteness is better 
developed i upper, and upper and outer parts of the retina, 
while i¢agNeéss developed in the lower and outer. 

LINN senior of colors of the eccentric parts of the retina is 
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determined by introducing into the frame of the perimeter variously- 
colored papers, and bringing them from the periphery toward the 
centre until that color is recognized. It has been found that the 
curves corresponding to the various colors differ notably from the 
limits of the general field of vision, that is from that of white 
light. 

By using brilliantly-colored papers about four centimeters square, 
we have shown that at first the normal eye recognizes the move- 
ments of objects at the periphery a long time before it can 
distinguish their colors. 

Starting from the periphery, blue is the color which is first 
recognized ; its visual field extends nearly up to the limit of the 
general visual field. After that comes bright yellow, which 
appears, at first, as white. Orange appears for a long time as 
yellow before it is recognized in its true tint. 

Red, which follows next in order, appears first as almost black, 
afterward as deep brown, brown, and finally as red. The field of 
green is still more limited than that of red. At the periphery it 
generally makes an impression of white or gray; atarer the 
centre bright green appears yellow; deep green as¥ghaytsh blue. 


It is only afterward that it is recognized as greep 

Violet for a long while gives the impressione, before it is 
distinguished as violet ; its limits are the A extended the purer 
the shade. e, 


In practice it suffices to measurdęhe visual fields of green, red 
and blue, because, as we have sħoWwn, the field of yellow differs 


generally but little from th , and that of orange is always 
found between the aN low and red; violet is not a good 
nts. 


color for practical ex oO 
You will see neg lagram (Fig. 28) the curves which mark 


the limits of ¢ isual fields of the three colors. These are the 
mean limits ch I have deduced from the examination of a 
anaheim eyes. All that part comprised between the 


nt of fixation) and each curve indicates the color of a 


centre 


a! 
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square; the rest of the retina could not distinguish it (under the 
conditions indicated previously). 


FIG. 28. 


i80 Q 


It is a great mistake to suppose that eRe of each 


color throughout the whole extent of t ina is as vivid as at 
the centre. There is a great differe(ce)i® the appearance of the 
same color, according as it is vie directly or at one side. The 
curves only indicate the limits the visual field where the indi- 
vidual under examination a the color its true name, but it is 
then far from being Gy d. It only becomes of its deepest 
intensity in direct yigi 

It was for a lo me thought, and you will find it stated in 
many peed on ophthalmology and physiological optics, 
that the i) ery of the retina is achromatopic. They have 


even N urther, and founded on this supposition a theory of the 
n of the retina. Since in the parts nearer the macula 


S: 
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the cones predominate, while they are almost completely wanting 
at the periphery, it was concluded, without hesitation, that the 
cones were designed for the perception of colors, while the rods 
were only charged with the quantitative perception of light. 

What we have found in our experiments with colored papers of 
a given size and moderate illumination is true only under certain 
special conditions. We have already shown that our limits of 
colors can undergo some changes under the influence of an altered 
illumination, and the background on which it is seen; the visual 
field of each color increases as the color is more intense and better 
illuminated. 

In order to determine to what degree the visual field can be 
increased under these conditions, we have examined our retina in 
a perfectly dark room. The direct sunlight was only admitted 
through a slit, and formed, by passing through a prism, a solar 
spectrum of great intensity. From this spectrum we isolated the 
different colors, and letting them fall on the periphery of our 
retina we have demonstrated the important fact that all colors are 
recognized up to the limits of the field of vision, if Sy are of 
sufficient intensity, of sufficient size, and have the contrast 
with the background or with the general illumi 
of the rods and cones has no existence, a t, in each examina- 
tion of this character we should ind Gad), 
the light employed, its degree of ahve, its intensity, its size, 


It results from this discovery that the < special function 
xactly, the nature of 


as well as the character of the nd on which it appears, and 
the illumination of the noe 
I 


It is evident that i Ny 


maximum intensity, ored papers about four centimeters 


ich the experiment is made. 
we have never need of colors of 


square are the bdgt Jor the examination of pathological cases, 


provided we ab indicate the degree of illumination, the nature 
of the colo d its distance from the eye. The results thus 
obtained then be directly comparable with those which the 


re e furnishes under the same conditions. 
Vv 
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If you compare the functions of indirect vision with those of 
central vision under the influence of a diminution of illumination, 
you will find a certain analogy between the increasing indistinct- 
ness with which the forms and colors of objects are distinguished 
when they are removed from the point of fixation toward the 
periphery, and the difficulty with which they are seen directly 
when the illumination is enfeebled. It is especially since I have 
shown that the imperfectness in the perception of colors in indirect 
vision was simply the result of lack of luminous intensity, that 
attempts have been made to explain all differences which exist 
between direct and indirect vision by the relative weakness of 
illumination of the peripheral part of the retina. 

We would say, that between the functions of direct and indirect 
vision there is no difference of kind, but only of degree, the 
eccentric parts of the retina having need, to respond to excitations 
of the same nature, of a greater quantity of the excitant. In 
other words, it is thought that the perception of light, the percep- 
tion of colors, and the perception of forms (visual acuteness) 
diminish in equal proportion, be it through a diminutioy of illumi- 
nation, or a gradual removal of the object pa point of 
fixation. 

As regards the perception of light in th 
the retina, I determined, by means of a pl: 


w portions of 


ch I have explained 
elsewhere,* the minimum quantity o necessary to produce a 
luminous impression on the difek nt™portions of the retina, by 


removing it gradually from the Oo toward the periphery. 


I have found that the ge n of light remains almost exactly 
the same fort extent of the retina. 

After I had ras. Nei visual acuteness and the perception 
of colors in an 1oy portion of the retina, and afterward 


diminished the TA just sufficiently to make the central 
acuteness ofWision equal to that previously determined for that 
partia ais part, with that diminished illumination I deter- 
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mined the perception of colors for central vision. These experi- 
ments demonstrated that the two sensibilities, at the centre, and 
at the peripheral portions of the retina, do not vary in the same 


proportions. For an equal visual acuteness, the perception of 
colors is much more acute at the periphery than at the centre, or 
reciprocally, for an equality in the perception of colors, the acute- 
ness of vision is much better in direct vision than in indirect vision. 
The acuteness of vision, therefore, diminishes much more rapidly 
in removing the object from the point of fixation, than in diminish- 
ing the illumination of the object. 

My experiments have proven that there is an essential differ- 
ence between the functions of the centre and those of the eccentric 
portions of the retina. While the perception of light is nearly 
the same throughout the entire sensitive portion of the retina, the 


perception of colors is much less vivid in the eccentric portions 
than at the centre, and diminishes progressively in proportion as 
they approach the periphery of the visual field. The visual acute- 
ness (perception of form) finally diminishes more rapidly toward 
the periphery than the perception of colors. = 

Take, for example, my right eye, with all three idns at the 
centre = 1. The perception of light at a 0° from the 
centre will be also = 1, the perceptiog © olors = +4, and 
the visual acuteness = 7,. 

Although these figures have onl Q.. value, the fact that 
of the three functions the mre of light remains the most 
constant, while the perception of~eOlors and the visual acuteness 
diminish rapidly toward Kn of the retina, the latter 
more than the former testably established by my experi- 
ments, O 

The fact is of Gig Greatest importance for the explanation of 
the different £ Gezions of the retina. It proves that these three 
functions © ntirely distinct from each other and cannot be 
reduc single one, as we would be tempted to believe. On 
the N 


Q 
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ary, we are justified in believing that there are different 
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nervous elements, distributed in a different manner throughout the 
extent of the retina, presiding over the three different functions of 
the organ of vision. 

We will now return to the application of perimetry to practical 
ophthalmology. 

After having determined the limits of the field of vision, we 
must take care to find if there exist any defects or scotomata within 
these limits. This examination will not, I think, offer any diff- 
culty, and it suffices to abstract, for the different meridians, the 
limits between which the objects or colors distinguished most 
peripherally disappear. 

There is one of these defects which is physiological, and of the 
existence of which you should be aware; it is the one which 
corresponds to the entrance of the optic nerve, and which is 
known under the name of the punctum cecum or Marioite’s spot. 
You are aware that the optic papilla is to the inner side and a 
little above the macula; you should find, consequently, a corre- 
sponding defect in the visual field, outward and slightly below the 
point of fixation; in fact, it is generally found 15° out rd and 3° 
below the fixation point, in the emmetropic eye. ş 

In Fig. 23, for example, which represents ight eye, m is 
the macula, x corresponds to the optic nerve N to the position 
of the spot of Mariotte on the plane t is 15° from the 
point of fixation 0. From a large of experiments which 
I have made on this subject, and fréq ose made by Dobrowolsky, 
this interval is greater in hyper opes and smaller in myopes. 

On a plane situated at thixty centimeters from the cornea you 
first encounter it at ahau Gn. from the point of fixation. You 
can describe its "N moving in different directions on the 
plane the point of neil, and marking the places where the point 
begins to disap@şr. Ihave marked out in this manner, a great 
number of cy s, my blind spot, and measured its size. It is 
oval iN , with its greatest diameter vertical. For my right 

ANSY a distance of thirty-five centimeters from the cornea 


eye, a 


SIZE OF MARIOTTE’S BLIND SPOT. 217 


to the plane of projection, its mean height is fifty-two millimeters, 
and its breadth forty-fourmm. This experiment is easy to make, 
although the limits in certain directions are difficult to mark with 
precision, on account of the emergence of the retinal vessels, the 
trunks of which stop the light. 

Moreover, in the interior of the visual field there are physio- 
logical defects, due to the presence of vessels at the place where 


the image of the point under consideration should fall. 
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LECTURE XV. 


THE VISUAL FIELD (ConrTinueED). 


GENTLEMEN :—Now that we have learned how to examine the 
limits and functions of indirect vision, it remains to make an 
application of this knowledge to the numerous pathological cases 
in which it is liable to be affected. We shall speak of it briefly, 
bringing forward only the more important facts, since there is 
scarcely a lesion of the interior of the eye which is not accom- 
panied by perimetric symptoms; and moreover, all the diseases 
of the brain and spinal cord which are manifested by symptoms 
in the organ of vision commence by some abnormality in the form 
and functions of the visual field. 

Among the diseases purely ocular we cite, in tha first place, 
glaucoma. One of the first symptoms of this di a a restric- 
tion of the visual field, which is limited to o 

Thi 


e, and particu- 
larly to the inner and upper portion. mptom is so char- 
acteristic that in doubtful cases it is 


making a diagnosis, though there 4 


ially depended on in 
eptions where the limit- 
ations are found outward and a litle below. 

Hemorrhages into the tissuK oF the retina necessarily cause a 
complete abolition of visio @ the parts affected. This is mani- 
fested by a fixed segt n the visual field. The perimeter 
becomes, in such a {X valuable means, more delicate than the 
ophthalmoscope vep; for following the progress of the trouble, as 
is directly Ni by the increase or diminution in the size of 
the scoto o long as the limits of the scotoma are indistinct 


and RA ai Pine morbid process is still in action. 


er very common affection is manifested by scotomata in 
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the visual field, and that is choroiditis disseminata, which rarely 
passes away without leaving some alteration in the retina. It 
manifests itself at first at the periphery, where the ophthalmoscope 
is frequently powerless to show us anything. Now, even at this 
early period, the perimetric examination shows its existence by 
the irregularity of the limits of the field of vision, or by the 
presence of peripheric scotomata. 

‘The commencement of these scotomata is manifested particu- 
larly when the examination is made by means of objects which 
offer but little contrast to the black ground of the perimeter on 
which they are seen. Thus, for instance, when the examination 
is made by means of a gray or red paper, scotomata sometimes 
reveal themselves which are not perceptible when a white disk is 
used. 

There is no affection of the retina whose progress cannot be 
traced in the field of vision. Detachment of the retina, for 
example, necessarily involves the loss of that part of the visual 
field corresponding to it. You have here the visual field of a 
detachment of the lower portion of the retina. It is restriated, as 


you see, above. This one, which is narrowed o Tgugh- 
out its whole extent, corresponds to a detachment ex g uae 
the optic nerve. It isin the form of a funnel, roe bottom of 


which is the optic nerve. As in the ag opic image the 
papilla forms the centre of the detachme the diagram, the 
spot of Mariotte forms the centre of t ae me field of vision. 

Frequently the diagnosis of a oN of the retina is of 


very great importance, as in c act, for instance, where it is 


desirable to know whether 4 rtake an operation for its relief 
or not. In this case an ẹ nation of the visual field is the only 
means we have of g a diagnosis. We can make this 


by means of a small mirror, the light from 


we throw on th 
a lamp. Gy ying the position of the mirror we can give to 
the lights 


examination by oh the patient to fix a luminous point while 


esired directions, and thus examine the perception 
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of light throughout the entire extent of the retina. If the 
perception of light is preserved we know that there is no detach- 
ment or other serious disease of the fundus. 

The importance of perimetry in detachment of the retina does 
not consist, moreover, solely in the diagnosis of this condition ; it 
is of special importance in prognosis. If the restriction of the 
visual field is greater than the detachment as made out with the 
ophthalmoscope, this proves to us that a part of the retina 
situated beyond the visible detachment has already lost its sensi- 
bility; consequently we should expect a rapid progressive increase 
of the detachment. In the cases, on the contrary, where a part 
of the detached retina is still sensitive, the prognosis is more 
favorable. Sometimes, under the influence of appropriate treat- 
ment and an absolute quiet on the part of the patient, with 
seclusion in a dark room, the retina replaces itself and resumes its 
functions. 

It is characteristic of the visual field of the detached retina that 
the various functional limits are found at the same place. The 
visual field of colors, which is normally, and in a large number of 
pathological conditions, nearly parallel to the =e limits of 
the general visual field, is cut off short ae place where it 


enters the detachment. 
A striking example of the corp? between the ophthal- 


moscopic and perimetric signs is f(un¥ Ñ the following case, whose 
visual fields you see here. A feign body had entered the eye, 
and lacerating the retina and Oyroid, had lodged in the sclerotic. 
A large extravasation of sa hid the lacerated parts, as well as 
the foreign body. Cor the first visual field was taken. 
It shows a teen ilar in form to the extravasation, except 


that it is raggeÇ j ome days after, the blood began to be absorbed 


and the religf.to the retina adjacent was manifested immediately 
by a dimi ion of the scotoma. 

teh Vhe greater part of the extravasation was separated from 
ae of lesion. We have, consequently, a scotoma which 
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corresponds to that, detached from the peripheral scotoma caused 
by the laceration. Finally, when all the blood was absorbed, this 
scotoma disappeared and there only remained the scotoma from 
the wound. We then permitted the patient to leave the clinic, 
certain that we had obtained all the amelioration possible in the 
case, since we could, evidently, not hope to reéstablish the function 
of the lacerated part of the retina. 

All inflammations of the retina find their expressions in the 
field of vision, by affecting its form, limit and functions, but 
especially the relations which exist between central vision and 
peripheric vision on the one hand, and on the other, between the 
visual fields of the various colors and the limits of the field of vision 
in general. Thus, we see retinitis pigmentosa accompanied by a 
concentric restriction of all the functions of the retina, and this 
restriction approaches more and more toward the centre, the 


visual acuteness of which remains for a long time quite good, 
there being no scotomata, and no irregularities in the boundary of 
the visual field. 

Syphilitic and Bright’s retinitis, on the contrary, attack direct 
vision at the beginning, leaving the outer parts of cece l field 
for a long time intact. The perception of colors if Keyed in such 
a manner that the limits of the different colors ry indistinct, 
sometimes crossing and frequently changing Xe) places. 

Scotomata are hardly ever lacking O lexies, infiltrations 
and degenerations of the retina. 

When the optic nerve takes part@) morbid processes we find 


an increase in the size of raat blind spot, resulting from an 


exudation into the retinal ti the immediate vicinity of the 
optic papilla. NS 

No doubt pr throw some light on those cases of 
amblyopia withou}an¥ known cause, and where the ophthalmo- 
scope shows M It will be the same, I hope, in toxic and 


pia, and amblyopia in consequence of great loss of 


hysteric N 
blood aN sufficient nutrition—diseases the nature of which is 
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very obscure. In these instances the perimetric phenomena have 
the same significance as in atrophy of the optic nerve. 

We will call attention, in passing, to the central scotoma caused 
by an alteration at the macula with extension of the blind spot 
in posterior choroiditis, which is so frequently the cause of 
progressive myopia; the central scotoma which is produced by 
embolism of the central artery of the retina, hyperæmia or hemor- 
rhage at the macula; the peculiar scotoma of toxic amblyopia— 
a central scotoma of small extent, affecting frequently only the 
perception of red. 

But, independently of its utility in the diagnosis of diseases of 
the eye, properly speaking, the perimeter has yet another 
important application. You are aware of the great hopes that 
were raised by the discovery of the ophthalmoscope for the 
diagnosis of diseases of the brain by this instrument. You know, 
also, that these hopes have not been realized to the extent we had 
expected. The cause for this is easily explained. There are only 
about five different conditions of the optic nerve which are 
distinguishable by means of the ophthalmoscope, whyle it ought to 
reveal at least ten separate cerebral diseases ( AN abstraction 
of the infinite varieties of seat and extent). s here that peri- 
metry comes to the aid of the ophthalmoscgfeNand the two methods 
united have already considerably increfs€ the number and value 
of the symptoms relative to ay diseases as manifested in 
the eye. S 
Thus, a concentric restricti€a)o indirect vision, accompanied by 
a diminution of visual Ktgness, indicates frequently a neuritis 


of the extra-bulbar .p of the optic nerve, of which the oph- 


thalmoscope show race. An atrophy of the nerve can follow 


this inflammafon,without our being able to observe at the fundus 


of the eye signs of the neuritis. 
The ee furnishes the proof of the diagnosis by showing a 
destep€tion of the extra-ocular nerve fibres, hypertrophy of the 
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connective tissue, and, as a principal cause, the existence of an 
encephalic affection. 
The most frequent symptom which the ophthalmoscope shows 
us in these cases of cerebral disease is atrophy of the papilla. 
| The white, flat papilla, with thin vessels, may be the result of 
various diseases of the nervous system and the encephalon, without 
the ophthalmoscope being able to indicate to us the special cause. 
In those frequent cases where the vision is not completely lost we 
| can employ the perimeter with advantage. 

Atrophy of the optic nerve from peripheral causes, that is, in 
consequence of an alteration of a part external to the chiasma, 
affects different parts and different functions of the retina in very 
various ways. The visual field can preserve a relatively large 
extent, in spite of the nearly complete obliteration of central 
vision. The limits are generally very irregular and present 
sinuosities. Sometimes a sector of the visual field is wanting. 
Now, in all these cases the prognosis depends solely on the 
perception of colors. If the visual field of all the colors is little 
altered, especially if its limits do not run parallel with ce 
larities of the external limits of the general visual CA hé prog- 


nosis is favorable, that is to say, we can expect so elioration, 


| or, at least, an arrest of the morbid process , on the other 
hand, the perception of colors occupies but all portion of the 
visual field, if it follows all the sinuositi€ o) e external limits, or 
if certain colors are totally lacking e periphery, the prognosis 
is very bad, and we have to do with’ progressive atrophy. 

In such cases the visual fiel colors is gradually narrowed ; 
in the first place violet een are recognized only at the 
point of fixation, ce ward disappear entirely; violet still 
appears for a certain\ime as bluish, but soon it becomes a deep 
gray; bright g akes the same impression as white or clear 


gray; deep © appears as deep gray. By and by red follows 
the two xX olors; it passes through a state where it is recog- 
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persist for the longest time. But after a while yellow becomes 
white, and blue is the only color which the patient can distinguish 
up to the time when complete achromatopsia sets in and renders 
the prognosis the gloomiest possible. 

This diminution of the visual field of colors and the disappear- 
ance of certain of them (as green and red) are found in alcoholism, 
where they accompany a most marked diminution of the visual 
acuteness. In these cases the external limits of the visual field 
can remain of considerable extent, but the alteration of the 
perception of colors renders the prognosis, in spite of this, 
exceedingly bad. We can, on the other hand, look for good 
effects from general treatment when the curves of colors are 
preserved proportionally to the general extent of the visual field. 

The alterations of the visual field in ataxia and in certain 
diseases of the spinal cord are of no less importance. A visual 
field very irregular in its general limits, as well as in its color 
limits, which cross in a confused manner, the existence of absolute 
scotomata or scotomota for certain colors, confirm the diagnosis 
ani render the prognosis more or.less grave, acggłding to the 
degree of their development. 

Outside of this series of diseases the porigomishe us with 
important indications as to the aw) of certain cerebral 
troubles. Hemiopia, which consists Ri ack of a corresponding 
part of the visual field in the two indicates a lesion in the 
optic tract on the side oppo to the part of the visual field 
which is lacking. 

This is easily ee by the decussation of the optic 
nerves at the chias Qiz 29). Of the nerve fibres of each optic 
tract one porti ected, according to this theory, toward the 
opposite side, CE, at the chiasma, to go to the inner half of the 
riba aaa another portion goes, without crossing, to 
the ex half of the same side. Now, a lesion of the right 
RN ct evidently destroys the sensibility of the right half of 

e 


Aj tina, and consequently the left half of the visual field of 
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each eye, or the common visual field. Each eye, in fixing the 
object ab, will only see the part cb, the rays from which fall on 


FIG. 29. 


the sensitive part of the reti OS Thus, individuals affected with 
hemiopia can see only t er: objects which they fix. There 
are cases where the lo sensibility has not invaded the whole 
half of the retina. deféct of the visual field only takes in a 
similar part of tg two eyes, as in the case I now show you. 
This is also ca Shemiopia, and is attributed to a lesion of the 


| optic tr NY the opposite side. In this case, however, it is 


ne 
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It is characteristic of hemiopia that the abolition of the per- 
ception of colors is as clearly marked as that of the perception 
of light in general. The limits of the visual fields of colors follow 
the external limits only in the region of the sensitive parts of 
the retina. When they arrive at the limits of the hemiopia they 
are cut short off. This is easily explained, and it differentiates 
hemiopia from the other defects in the visual field. 

A neoplasm having its seat in the anterior angle of the chiasma 
can alter the inner portion of the two optic tracts in such a 
manner as to abolish the functions of the inner parts of the two 
retinze and destroy the external portion of the visual field ; this is 
called temporal hemiopia. 

As to nasal hemiopia, the loss of the external halves of the 
retinee, if it exists, we have shown how it can be explained by the 
theory of semi-decussation (Progrés Médicale, 1875, No. 52). 

Finally, it remains to cite certain peculiarities of the field of 
vision which we have been able to study in the service of M. 
Charcot at the Salpetriére. In certain cases of hemianesthesia, 
hemiplegia and hemichorea we find, besides amblyogia of the eye 
of the paralyzed side, a concentric contraction oh visual field, 
with contraction for colors, and this without QY ophthalmoscopic 
manifestations. These symptoms are n nsient: they persist 
for years, and increase with the prog the disease. The eye 
of the opposite side may remain 1 

These facts are of great impSxtance. Similar alterations in the 
general sensibility, in hearindQha smell, speak strongly in favor 
of the existence of a ce B encephalic focus. And, in fact, the 
autopsies of NA cases, in which death came about by 
apoplexy, have s regularly a lesion of the posterior portion 
of the optic Gaprius and the neighboring parts. M. Charcot 


argues, fyogf-pthis, that a lesion is situated at the same place in 
the casa) actly similar in their character, of hemianzsthesia 


aa ric hemiplegia. 
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It has been thought up to the present time, however, that all 
lesions beyond the chiasma, all central lesions, could only produce 
hemiopia, in consequence of the incomplete crossing of the optic 
nerves in the chiasma. Amblyopia of a single eye, it was thought, 
could be brought about only by a unilateral neuritis. Now, in 
the cases of which we speak, the amblyopia or amaurosis unilat- 
eralis were evidently due to a central lesion. In order to explain 
this we must admit a common centre for the termination of the 
optic nerve fibres belonging to one eye, situated on the opposite 
side of the brain. In other words, the fact of a semi-decussation 
of the optic nerve fibres in the chiasma being incontestable, it is 
evident that the nerve fibres which do not cross at the chiasma, 
but form a part of the optic tract of the same side, must cross 
higher up, beyond the corpora geniculata, to come to the common 
centre of the nerve on that side, possibly in the neighborhood of 
the corpora quadrigemina anteriora. A glance at Fig. 29 will 
at once make this plain. G is the left eye. D the right eye. cH 
the chiasma where the optic nerve fibres corresponding to the 
inner part of each retina cross. BB the optic tractg\ gg the 
corpora geniculata. x the crossing of the fibres Wch? do not 
cross in the chiasma. D the termination in th in of all the 
optic nerve fibres of the right eye. § EY ep in the brain of 
all the optic nerve fibres of the left eye. 

This theory is much more plausible Qas of the incomplete 
crossing, because it does not alloW&the optic nerve to form an 
exception to the rule which applieN all the cranial nerves which 
cross before arriving at their ective distributions. 

Finally, leaving to INS and experimental physiology the 
explanation of the ph na, it suffices for our present purpose 
to have pointed outa prow ocular symptom, useful for localizing a 
cerebral troublegfhat is, unilateral amblyopia with concentric 
and proportio restriction of the visual field, sometimes without 


and ANS $ with a more or less complete white atrophy of 
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the optic disks, which indicates a lesion not far from the corpora 
quadrigemina and the posterior portion of the optic thalamus of 
the opposite side. 


Norse.—We have thought it of interest to add a brief synopsis 
of the clinical history and autopsy of the case of a woman observed 
by Professor Charcot and myself at the Salpetriére, through a 
number of years. 

1871. Sudden attack; loss of consciousness; right hemiplegia. 

1873. Contracture of the paralyzed limbs; sensibility in the 
affected side much diminished ; senses of taste and smell equally 
affected on the same side; vision lost on right side, very imperfect 
on the left; conjugate deviation on the right side. 

1874. Rage for tearing herself; she scratches her face, arms, 
legs, and especially the thigh of the paralyzed side. Face a little 
deviated to the left. 

Examination of the eyes revealed to me a total aħÑaurosis and 


white atrophy of the disks; sensibility obtuse; co tåre persists. 


1876. Sensibility returned. Paralysis an racture remain. 
1877. Falling of the right lid nearly 

ments intact; pupils equally dilated ; ete loss of vision. 
1878, March 27th. Death. 


Autopsy.—Multiple cortical Semolissements not having their 


lete; ocular move- 


seats in the motor regions. _Céwéral remolissement on the left side 
which had invaded the Q) bed and the corpus geniculatum of 
the same side. 5 

Atrophy and deN NYation of the corpus geniculatum externum 


of right side. Cpphy of the two optic tracts, of the chiasma and 
the optic peo) (the right a little more atrophied than the left). 
Tuberg@yy quadrigemina anteriora degenerated and of a yel- 


low GE. 
X 
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The following parts are healthy: the tubercula quadrigemina 
posteriora ; the corpus geniculatum dextrum, and the optic bed of 
the same side. 

Secondary degeneration of the cerebral peduncle and anterior 
pyramid of the left side. 

This case speaks strongly in favor of a crossing of those fibres of 
the optic nerves which do not cross at the chiasma; as well as for 
the termination of the optic fibres of each eye in the neighborhood 
of the corpora quadrigemina anteriora. 


230 EXAMINATION OF THE EYES. 


LECTURE XVI. 


OPHTHALMOSCOPY. 


GENTLEMEN :—Among the methods of examination with which 
ophthalmology has been enriched during the last twenty years, 
some of the more important of which we have examined in the 
preceding lectures, the ophthalmoscope holds the first place, and 
for a variety of reasons. 

It is the ophthalmoscope which, by rendering the interior of 
the eye accessible to exact examination, has raised ophthalmology 
from the ranks of empiricism and placed it on the firm ground of 
science, where it has made a progress as rapid as it has been 
brilliant. 

It is the ophthalmoscope which has brought Kera aid to 
ocular anatomy and physiology, particularly į study of the 
structure and functions of the deeper portighNet the eye, and of 
the properties of its dioptric apparatus O 

In pathology the ophthalmosco also inaugurated a new 
era. All questions appertaini O amblyopia and amaurosis, 
hitherto so obscure, have be X probably, the best studied and 
most clearly understood of eny in human pathology. 

The diseases of the Co MA at the fundus of the eye are 
diagnosed in their NwYSéncy, and followed in their development in 
their most mi etails. We see, for example, a choroiditis 

On the peripheral portion of the vascular mem- 


taking its ori 
brane of? eye, extending gradually toward the equator, 
approg Q the posterior pole, and finally invading the part most 
eggahet to vision. We see it begin under the form of a simple 


~ i remia, accompanied here and there by exudations and 
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hemorrhages, to afterward cause alterations in the pigmentary 
coat of the fundus, alterations which manifest themselves in some 
places as atrophy, in others as a massing of the pigment. 

We sec, at the same time, the inflammation of the choroid 
communicated to the retina; the pigment migrating into the 
nervous layer and forming deposits along the walls of the vessels. 

We can see, also, the interference in the process of nutrition 
which results from it in other parts of the eye; the vitreous 
humor is filled with floating bodies, the posterior surface of the 
lens becomes opaque, and finally the whole lens loses its trans- 
parency, and intercepts the passage of light. 

We follow, with the same facility, the evolution of all the other 
affections of the fundus of the eye. 

In another branch of ocular pathology the application of the 
ophthalmoscope is equally satisfactory. With it we are enabled 
to determine the refractive condition of the eye with great 
certainty. 

But it is not ophthalmology alone which has derived such 
immense advantage from the invention of this imporg: stru- 
ment. It has thrown much new light upon gene 3 Medicine. 
Physiology has recourse to the ophthalmoscope fi e purpose of 
studying, during life, the phenomena of tl QNulation of the 
blood, and the condition of the nervoya<gybstance under the 
influence of various cerebral disturba Q 

We frequently find written on bottom of the eye the 
diagnosis of an organic or PC affection, even when all the 
other symptoms do not suffic ablish it. The ophthalmoscope 
has often revealed the Ny ng of a general disease before any 
of the ordinary sy tQ% characteristic of it had made their 
appearance. © 

I would a attention, in support of this assertion, to 
tubercles of aoroid, retinitis alouminurica, optic neuritis, and 
‘À NS >” symptoms pathognomonic of various troubles in 
the brain 


S 


4° 
KO 
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I have scarcely need to speak of simple anæmia, characterized 
by pallor of the optic nerve, or that form of anæmia called per- 
nicious, which is revealed, under the ophthalmoscope, by multiple 
hemorrhages in the tissue of the retina. And I need hardly add 
syphilitic retinitis, and the phenomena of pulsation of the central 
vessels of the optic nerve in diseases of the heart. All these are 
ophthalmoscopic symptoms most important for the diagnosis of 
general diseases. 

The importance of the ophthalmoscope is universally recog- 
nized, and it would be a great gain to medicine if all physicians 
were perfectly familiar with the use of the instrument. Indeed, 
it is so simple, and its employment so uncomplicated, that it would 
seem, at first sight, that nothing would be so easy as to see the 
bottom of the eye. It is, however, not so easy as it appears. 

In order to profit as much as possible by the instrument it is 
necessary to understand the principles of its construction and to 
take an account of the conditions which govern its employment. 

These two facts are too frequently lost sight of by the practi- 
tioner, and the object of these lectures on oph scopy is to 
set forth the principles on which the ophthalm x is made, and 
instruct you how to use it to the best purpo e shall confine 
ourselves to questions strictly practig hout entering into 
special theoretical details. We sh ain, also, from a descrip- 
tion of the innumerable variet OS. which the ophthalmo- 
scope has assumed since its i tion, simply limiting ourselves 
to the most important modifgations. 

We will omit, also, sOyerintion of the various pathological 
conditions of the f of the eye, leaving this to works on the 
pathology and tO vical anatomy of the membranes of the eye, 
to which it beldsgs. 


+ 
es THEORY OF THE OPHTHALMOSCOPE. 
e 


Drm is an instrument enabling us to see the 


q~ of the eye; but a large majority of individuals, perhaps, 
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do not know why it is that we have need of an instrument to thus 
look at the fundus oculi. What, indeed, is it that prevents us 
from seeing, with the naked eye, the optic nerve, the choroid, the 
retinal veins, etc., since all the structures situated in front of 
them are transparent? Why is it that the pupil appears black, 
although the fundus of an eye looking toward a light is evidently 
illuminated ? 

These questions have occupied the attention of savants for 
centuries, and many theories have been formed for their solution, 
all more or less plausible. It was thought, for example, that the 
pigment of the choroid absorbed all the light penetrating the eye. 
This theory cannot hold good, because the pigment of the choroid 
is far from being absolutely black. It therefore reflects a good 
part of the light; but beside the pigment of the choroid and 
retina there are many other objects in the fundus of the eye which 
absorb only a very small portion of the light incident upon them, 
as the retinal vessels, papilla, etc. 

Again, the opinion was promulgated that the light, in order to 
be perceived by the optic nerve, must be transformed ne retina 
into a kind of physical force, such that it could not Nm again 
as light from the bottom of the eye, etc. 

It was only in 1851 that Helmholtz PRO olution to the 
problem, and showed why, in ordinary ons, we cannot see 
the bottom of the eye when it is illumikatgd.” He explained it as 
follows :— A 

The light coming from an ill Qu portion of the fundus of 
the eye follows the same sy 


entering it, that is to BO 


illumination. 


in leaving the eye as it did in 
s directed toward the source of 


The well known Q of conjugate foci are applicable here. As 
is well known, Keminous point and its image formed by an optical 
instrument alled conjugate foci. The law governing these 


foci is ws: the luminous rays coming from an object follow 
same path as those which come from its image formed 
16 


LY 
X% 


aS 
X 
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by an optical system, and consequently we can indifferently replace 
the image by the object, and the object by the image. 

Thus, suppose that we take (as in Fig. 30) a convex lens, for 
example, No. 20 D; if we place a candle at a certain distance 
in front of it, and a paper screen behind it, just at the point where 
the image / of the candle is formed, the points which make the 
object and the corresponding points of the image are conjugate 
foci. If we now place the candle in the place of the screen and 
the screen in the place of the candle, we will find that the image 
is formed just where the object was before; an experimental 
demonstration of the law of conjugate foci. This law is very 
important in the theory of ophthalmoscopy, and we shall have 
frequent occasion to refer to it.* 


FIG. 30. 


Thus, already, in regard to the TON of the bottom of 
the eye, this law enables us to see i 
conditions, the fundus of the eye ar 

Let us put our lens in a & We find an apparatus of this 


kind already prepared for 3 the ocular of a microscope when 


the upper lens is uO, 
piece of white pa 


Close the open end of the tube with a 
place a light some meters in front of 


* I would reco Q the reader to make for himself this simple experiment, 
which renders t heory of the ophthalmoscope and the formation of the 
ephthe moet inos very clear and intelligible. Care should be taken, 
however, t very small flame, and not an ordinary candle, which gives a 
flame m O large. Instead of the flame an opaque screen with a perforation, 
of ered form, covered by a piece of ground glass, can be used. A light 

pA nin this will furnish an object which is much better than the candle, 


Roo the experiment. 
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the lens. On directing the lens toward the light you will see an 
image of the flame formed on the paper, and the part of the paper 
on which the image appears will be strongly illuminated, as you 
| can convince yourself by looking at the paper from behind. The 
| opening in the tube that is closed by the lens and crossed by the 
| incident and emergent light appears, however, absolutely black 
when viewed from the front. The light which comes from the 
| illuminated portion of the screen cannot enter the eye of the 
observer, because the rays take, on quitting the lens, the same 
direction they had when they entered it, that is, they come to- 
gether again in the flame, according to the law of conjugate foci. 


| The same thing occurs in the eye. 


FIG. 31. 


ran on | 
1 Ai imu man 
| i a | HA e HAE; 


| Let, for example (Fig. 31, I), L WONT point situated 
| in the flame to which the eye gs l will be the image 
| which is formed on the Ae) ais point ¿ of the retina is, 
therefore, strongly acc out the light which comes from 
it does not fall in a 


ch is looking into its pupil; it 
follows, according we law of conjugate foci, the same path 
taken by the incid ight, and comes to a focus in the point L of 
the flame. ° O 

In order, a the observer may see the retina illuminated he 


must his eye in the cone of emergent rays Lpp, which 


mai be possible without intercepting the light. The same 


Rs) 
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law would apply, of course, to all the luminous points composing 
the flame; the sum of their images illumine a part of the retina, 
and the rays emerging from this part are again united in the 
source of illumination. 

But these conditions change when the eye is not adapted to the 
flame which illuminates it. 

Suppose that, in our example, the retina is found behind the 
place where the image of the luminous object is formed (J, Fig. 32). 
Let, for example, the eye A be strongly myopic. Then, in place 
of a distinct image, the point L will form on the retina an image 
of diffusion x’x, and the luminous rays which come from this part 
of the retina, from the point o, for example, will not form their 
image any longer in L, but nearer the eye, at the point R, for 


FIG. 32. 


which the myopic eye is adapted. After t G in R the 
rays continue their course in a divergi Sey ner, and thus form 
a luminous cone P’P a'a, in which the f the observer can be 
placed without interrupting the 1 An eye placed in this 
cone will, therefore, receive the t coming from the fundus of 
the eye A, and will see it illymit4ted. 

The same thing occurs the retina of the observed eye is 
situated in front of Sn gate focus of the light. 

Thus, suppose th in Fig. 31, II, to be strongly hyperme- 
tropic. The sa ep rays coming from L, instead of coming to 
a focus on Agan are united behind it in 7, and form on the 
retina nee of diffusion zz’. On the other hand, the luminous 

n 


+ 


ray ing from the point o of this illuminated portion of the 


- are no longer directed toward the source of illumination, 
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but leave the eye in a divergent manner, as pa and p'a’. By 
placing his eye in this luminous cone, at B, for example, an 
observer can receive the light which comes from the bottom of the 
eye without intercepting the incident light, and without being 
much inconvenienced by it, especially if care is taken to shut off 
the glare of the lamp by a screen. 

If we advance or withdraw’ the paper which closes the open end 
of the ocular of the microscope which we have taken to represent 
an artificial eye, we will see that while the image of the flame 
becomes diffuse we can distinguish the white of the paper through 
the lens, and by advancing or withdrawing it sufficiently we can 
even see the figures traced upon it. 

The same phenomenon is sometimes manifest in the eye. It 
has been known for a long time that the eyes of certain animals 
shine when they are directed toward a luminous object. There 
are also certain affections of the eyes, especially intra-ocular 
tumors, which enable us to see into the interior of the eye without 
the intervention of the ophthalmoscope. One of these affections, 
glioma of the retina, has received, on account of this nice aan 
and its analogy to the appearance of the eyes of ohn animals, 
the name of amaurotic cat’s-eye. Ni 

Mery and La Hire observed that it “NO le to make the 
eyes of animals luminous by ON. m in water. They 
also showed that a reflex can be obtai m the interior of any 
eye by removing the lens or corng on both. 

The explanation of these p ena is not at all difficult after 
the experiments which we “gee 
spontaneously are DAS dition which we have just been 
considering, that is ea Wey are not adapted for the source of 


illumination. 


ist made. All eyes which shine 


Indeed, the G#jmals whose eyes shine, such as cats, dogs, 
rabbits, ca Q ric, are all hypermetropic, and considerably so. 


All uw its whose refraction I have determined have possessed 


out 3 D. 
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Eyes affected with intra-ocular tumors, detachment of the 
retina, etc., are also hypermetropic, that is, the retina is situated 
in front of the focus of the incident rays. Thus, as is shown in 
Fig. 31, II, the rays which come from the illuminated part of the 
retina do not follow the path of the incident rays, but occupy a 
much larger space. 

This is why we obtain a yellow reflex from the eyes of cats, and 
why we see directly, and without the aid of an ophthalmoscope, 
the retina which is detached, or affected with a gliomatous tumor, 
or is pushed forward by a tumor of the choroid. We can produce 
the same effect by making pressure with the finger on the fundus 
of an enucleated eye which is turned toward the light. The 
interior of this eye, which was dark before the pressure was made, 
now becomes luminous, from the advancement of the fundus. 

And why do eyes deprived of their corneæ and crystalline 
lenses, and eyes that are immersed in water, shine? The answer 
is simple enough; while those eyes affected with glioma are 
hypermetropic by shortening of their antero-posterior axes, those 
deprived of their cornez or lenses, or immersed ¢ water, are 


hypermetropic on account of the diminution of r refracting 


power. <S 

An eye which would have seen TANC light placed at no 
matter what distance, will no long it distinctly after an 
operation for cataract, because, res being taken out, its 
dioptric system is no longer abl unite the rays coming from 
the flame upon the Tenna. Q eye, instead of having a clear 
image, has, therefore, an of diffusion, as seen in Fig. 31, II, 
and the parts FENS inated send out, in their turn, rays 
which, far from in the source of illumination, are directed 
to all sides in a as manner. 


For the $ AFD reason eyes which have been deprived of their 
corne RS Satire They are rendered hypermetropic by a 


WN of their dioptric systems. 


ame effect is produced in eyes immersed in water. Water 


9 
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having nearly the same index of refraction as the aqueous humor 
of the eye, the cornea loses its power of refraction, and it is now 
the plane surface of the water which replaces the convex surface 
of the cornea and separates the refracting surfaces of the eye from 
the air. There is thus brought about a very considerable diminu- 
tion of the refracting power of the eye, which is expressed by a 
hypermetropia of a very high degree. 

These are the conditions in which we are able to see the fundus 
of the eye illuminated. 

Exceptional conditions are met with, it is true, but they are 
conditions not ordinarily realizable in practice. Moreover, even 
although we receive a certain portion of the light which comes 
from the bottom of the observed eye, and although a certain 
number of these rays enter the eye of the observer, it is only a 
small portion of the emergent light which is thus available, and if 
the ametropia is not very great the greater part of the light still 
pursues its way toward the source of illumination; in certain 
cases the whole of it is united there. The illumination under 
which the fundus of the eye is seen, under these circumsances, is, 
therefore, of necessity, very feeble. It is, in the mate f cases, 


insufficient for making out the finer details. 


It is remarkable that all these known f: id not suffice to 


furnis hour ancestors with a means of ex ng, during life, the 


optic nerve, the retina and the rO 


with such facility and success. In%&rder to see the interior of the 


we are now able to do 


eye in a satisfactory manner it dhe) not suffice to look obliquely 
into it and to receive some Se scattered rays at the periphery 
of the luminous cone w ow from it, but it is necessary that 
we be able to place tl in the axis itself of the rays emerging 

from the eye unde€ eyamination. 
Helmholtz sged this problem in that simple manner which. 
D great discoveries. In place of putting the light 
ne eye to be examined, he placed it at the side, and 


in fro ws 
reflec into the eye by means of a semi-transparent mirror, or 
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a mirror with a central perforation. Let E (Fig. 33) be the eye 
under examination, E’ the examining eye, L a source of illumina- 
tion, and MM a mirror. 
This mirror, held obliquely before the examining eye, reflects 
Fia. 33. the light from L into it, as if 
it came from L’, and as far as 
regards the eye E, it is the 
same as if the flame was sit- 
uated in L’. The eye of the 
examiner is found, therefore, 
in the direction of the inci- 
dent rays, and the light 
ee Re ee eee which comes from the illu- 
an minated portion zx of the 
eye will not all be reflected 
toward L by the mirror, but 
a portion will pass through 
the mirror if it is semi-trans- 


ua 


g'on the eye 


parent or has 


of the 
hi 


er will enable 

e the fundus of the 
d der examination. 

The essential part of the Oa is, therefore, the 

mirror reflecting the light. ovis of Helmholtz’s ophthalmo- 

hin plates of plane glass, super- 


scope is composed of a numb 
posed one on the other. irror reflects a portion of the light 
which falls on it, AN her portion passes through it. 

All manner of imaginable, plane, concave, convex, pris- 
matic, single, or ue with convex lenses which concentrate 
the light ow Epi, have been used since the invention of this 
first one, Qie have been made of metal and perforated in the 


cen RA ers are of silvered glass, with a portion of the silvering 


rem at the centre, or with a perforation, 
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In practice it has been found that the concave mirror with a 
central perforation is the most convenient. It is not a matter of 
much importance whether the mirror be of metal or glass. The 
advantage of the concave mirror is that it concentrates the light, 
thus giving the most powerful illumination. 

However, in many cases a feeble illumination is preferable, 
especially so when the eye under examination cannot bear the 
light, in consequence of inflammation of its deeper structures, or 
where the pupil is strongly contracted by bright light. In such 
cases the plane mirror can be employed with great advantage. 

Experience has shown that the mirror best suited for practice 
should have a diameter of 28 millimeters and a focal distance of 
18 centimeters. The plane mirror should be of the same size. 


The central perforation ought to be at least 3 mm. in diameter. 
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LECTURE XVIL 


EXAMINATION OF THE ERECT IMAGE. 


GENTLEMEN :—As we now know the means for illuminating the 
bottom of the eye, we have no need, in what follows, to occupy 
ourselves with the source of the illumination. We suppose it 
already illuminated, and now ask, What is necessary in order that 
we be able to make out the details of the fundus? It does not 
suffice that the eye be simply illuminated, and that we receive the 
light from the part of the retina thus illuminated; we must see 
distinctly all its parts in detail. Now, in order to see an object 
distinctly a clearly defined image of that object must be formed 
on our retina. We must, therefore, endeavor to Gots condi- 
tions necessary for the formation of a distinct t of the bottom 
of the eye under exrmination on the fund the eye of the 
examiner. 

This is not altogether a simple mat Ninco we do not look at 
the fundus of the eye directly, a Nor for example, at the 
membrana tympani by means ON otoscope, but through a 
refracting system—the dioptxjc Wwpparatus of the eye under exami- 
nation. This dioptric sy gives to the luminous rays which 
come from the BNC eye a certain direction, which differs 
essentially from Ge hich they would have had if they had 
simply passed thxoygh the air. 

The basi @ the study of these questions is again the law of 
conjugat CÈI, according to which, in any dioptric system, we 


é indifferently the image by the object and the object 
image; or, expressed differently, in every dioptric system 
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the rays of light which are directed toward a point follow the 
same course as those which come from that point. 

The convex lens, the small flame and the screen which we have 
used in the foregoing illustration of the law of conjugate foci will 
assist us in understanding easily the manner in which the 
ophthalmoscopic image is produced. 

Let us suppose the lens to represent the dioptric system of the 
eye, and the flame an object on its retina. In this case we can 
disregard the light which illuminates the eye so long as the 
object on the retina is itself luminous. 

We will suppose both the eye under examination and that of 
the examiner to be emmetropic. We know that in a state of 
repose the emmetropic eye is adapted for parallel rays. In order 
to see the fundus of another eye it is, therefore, necessary that the 
rays coming from it be parallel. Now, it is from the eyes of 
emmetropes that the rays emanate parallel to each other, and 
that, too, in accordance with the law of conjugate foci. 

The rays which are united on the retina of an emmetropic eye 
must be parallel before reach- FIG. 34. 
ing the eye, and therefore the 
rays are parallel after they 
pass out of it. Thus, in look- 
ing at Fig. 34 a point b on the 
retina of the examined eye E 
sends out rays which are par- 


allel after their exit from it, 


and again are united in Keys 


image @ at the fundus o 


of the emmetropic examiner FE’. 


It is only necessary , for an emmetrope to throw the light 
by means of the Imoscopic mirror into the eye of another 
emmetrope, in, ogor to see objects at its fandus distinctly. The 
rays coming a the fundus of such an eye leave it parallel, and 


are aS 


e fundus of the examining eye which is adapted 
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for parallel rays. The examiner will thus see objects at the 
fundus of the examined eye in their natural positions, as are all 
objects which we look at through a lens at whose focus they are 
situated. It is for this reason that this procedure has been called 
examination by the erect method. 

To represent an emmetropic eye in our experiment we must put 
the flame at the focus of the convex lens (20 D) at 5 centimeters 
behind it, since in the emmetropic eye the retina is found at the 
focus of the dioptric system. An emmetrope with a relaxed 
accommodation, in looking through the lens, no matter at what 
distance from it, sees an enlarged upright image of the flame. 

But if the examined eye is hypermetropic the rays coming from 


FIG. 35. 


If you look at Fi 
that the dotted rays coming from the retina 


its retina are not parallel. you will see 
divergent on 
leaving the eye, and that they diverge a ey came from a 
point R situated behind the eye. The metropic eye requires 
the rays to be convergent in order (Capi them on its retina, and 
therefore the rays returning ae must be divergent. 

e able to see the fundus of this 


eye? Ina state of perfe t, no, since in that condition it has 


Will the emmetropic examine 


need of parallel rays I$ distinct image. He will, therefore, 
AN minat 


see the examined e ed, but he will not be able to make 


out the details Gy e fundus. In order to see these details 
distinctly he Gäst adapt his eye to divergent rays, or render the 
divergent @S parallel; in other words, either he must make his 


g 


ANS opic or the examined eye emmetropic. We have in 
m 


the modation a very simple means of adapting our eye to 
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divergent rays. The emmetropic eye has, therefore, only to make 
an effort of the accommodation sufficiently strong to see distinctly 
an object placed at R, in order that the divergent rays coming 
from the hypermetropic eye be united on his retina in a clear and 
distinct image; he will then see the details of the fundus of the 
examined eye distinctly. 

But if the examining emmetropic eye E (Fig. 35) is not able to 
adapt itself to the point R, either because the accommodation is 
too weak, or because the rays coming from the examined eye are 
too strongly divergent (R being too close to the eye—the hyper- 
metropia being too great), or if it is desired, as is frequently the 
case, to see it without putting the accommodation in play, then 
the divergent rays must be rendered parallel; and this can be 
accomplished by means of a convex lens placed between the eye 
of the examiner and that of the examinee. You will readily see 
that the focus of this lens should coincide with the punctum 
remotum R of the eye under examination. In Fig. 35, L is the 
correcting lens of the hypermetropic eye H. It makes parallel 
rays converge toward R and, of course, renders par the rays 
coming divergent from R, or, what amounts to me thing, 
those coming from a of the hypermetropic ey, ce they leave 
the eye with a divergence as if they had c ae R. 

Nc the details of a 


hypermetropic eye distinctly, eit illuminating it and 


The emmetropic examiner can, theref 


bringing his accommodation into play, or by leaving his accommo- 
dation completely relaxed and pyttthg a lens before the hyperme- 
tropic eye which corrects it maly of refraction. It is proper 
to remark here that, a égards the distinctness of the image, 
it is a matter of Ji ©) onsequence where the correcting lens is 
placed. We can, e patient wears glasses, allow the glasses to 
remain on his* 6, and look through the correcting lens with the 
ophthalmo (o> mirror, or we can put the lens behind the 


pans in the mirror. 
Let Ws return now to our artificial eye formed of a lens and 


QY 


AČ 
wy 


V 
XS 
KO 
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a flame. Since, in hypermetropia, the retina is found in front 
of the focus, we will only have to bring the flame nearer the 
lens than five centimeters to have a dioptric system similar to 
the hypermetropic eye. If we look through the lens we will 
see the flame upright and enlarged. It will require, however, a 
certain effort of the accommodation; an effort which will have to 
be the greater the closer the flame is to the lens (the stronger the 
hypermetropia); and also greater the nearer the observer brings 
himself to the lens and consequently to the punctum remotum of 
the hypermetropic eye, or the negative conjugate focus of the lens. 

Suppose, finally, that the examined eye is myopic. You will 


FIG. 36. 


remember that the myope, in order to see clearly, RA in order 
to unite the rays of light upon his retina, must them come 
to his eye in a diverging manner. Thus, in fyre 36, the rays 
which come from the point R are united o xO retina in the point 
a; therefore the rays which come fro Ney oi a of the retina 


are united in R. TE AS e convergent on leaving 


the.eye. 
Can the emmetropic PEAS Q; unite converging rays on its 
retina? Never. Ina O ) D it unites parallel rays, and the 


power of accommodat X ables it to unite diverging rays, but it 
does not possess NY of adapting itself to converging rays. 
The emmetrope w ge therefore, be able to see an upright image 
of the fundus myopic eye unless the converging rays coming 
from it,a dered parallel. In order to make converging rays 
par “we use a concave lens whose focus coincides with the 


PY ward which the convergent rays are directed. This point 
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is the punctum remotum, R, of the myopic eye, and the lens is 
the correcting glass of the myopia. On looking at Fig. 36 you 
will see that the concave lens L gives to parallel rays a divergence 
as though they came from R; these rays can then be united on 
the retina ata. Therefore, according to the law of conjugate foci, 
the rays which come from a, and which, without a lens, would be 
united in R, become parallel in passing through the concave lens. 
The examiner can unite these parallel rays on his retina, and 
thus obtain a clear and distinct image of the fundus of the myopic 
eye. The principle is the same whether the glass is placed in 
front of the eye of the examiner or the examinee, but its lens 
must, in every instance, coincide with the punctum remotum of 
the eye under examination. 

In order to represent myopia by means of our convex lens, we 
must remove the flame beyond the focus of the lens, that is, further 
distant than five centimeters, then by bringing the eye near the 
lens the examiner will no longer see the upright image of the 
flame distinctly. This will be a diffused image, and it will be 
the more diffused the further the flame is remove from the 
lens, that is, the higher the degree of the artificialgyo ia. But 
he will see it distinctly again if he places Oe eye a sufi- 


ciently strong concave lens. 


We have now shown how it is possib ° an emmetrope to 
have a distinct upright image of the 


ametropic eye. In order that an! 


S of an emmetropic or 
rope examiner have this 
image distinct it is simply necess&p o correct his ametropia. By 
this means he becomes em Qppic, and the principles which we 
have just laid down bego licable to his eye. 

There are certain Si however, in which ametropes are 
able to examine the gYes of other ametropes by the erect method 
without the ,igtervention of the accommodation or correcting 
lenses. Wane just seen that the light coming from the bottom 
of ee eye leaves it in a divergent manner. It is 


evidée at an eye which is able to unite divergent rays on the 
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retina can see the bottom of a hypermetropic eye without any 
other means than the ophthalmoscopic mirror. Such eyes are 
myopic, since they are adapted for diverging rays, and a myopic 
eye can see distinctly the details of the fundus of a hypermetropic 
eye when the rays coming from it have the necessary divergence. 

Now, in leaving the hypermetropic eye H, Fig. 37, the rays 
appear to come from the punctum remotum, R, of that eye; on 
the other hand, in order to be united on the retina of a myope, 
the rays should come from its punctum remotum. It is requisite, 
then, that the punctum remotum of the myopic eye, and of the 
hypermetropic eye coincide, if they are to see each other’s retine, 
reciprocally. This, however, is possible. 


FIG. 37. 


iy Meee A Rae 


SRG 


Let us take, as an example, a hyperme © 5 D. His 
punctum remotum is situated twenty cong QS rs behind his eye. 
If this eye is examined by a myope wh prings his eye up to 2 
centimeters in front of it, it will t faye from the punctum 
remotum of the hypermetropi , and if its own punctum 
remotum is 22 centimeters front of it, he can, of course, see 
clearly the details of the fi s of the hypermetropic eye, since 
their puncta remota ide. Now, as the punctum remotum 
is situated in fro OX eye itis myopic, and if it is at 22 cen- 
timeters, the hed is = 492 — 4.5 dioptries. But if the 
myopia of tEPbserver is only 4 D, that is, if its punctum 
remotum Grund at 10° — 25 centimeters in front of it, he will 
not N fundus of the eye under examination at 2 centimeters 
A of it, but must remove his eye to 5 centimeters from that 


Sn 
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of the hypermetropic eye, if he would see the fundus distinctly 
without an effort of the accommodation. 

What is the refraction of the eye of an observer who sees, 
without the aid of his accommodation, or a correcting glass, the 
fundus of a myopic eye? 

The rays coming from a myopic eye converge toward its 
punctum remotum. The examiner cannot be emmetropic, because 
the emmetrope requires parallel rays; much less can he be 
myopic, since the myope demands divergent rays; he must be 
hypermetropic, because it is the hypermetrope alone who requires 
converging rays. But we know that the rays coming from 
infinity are parallel, that those coming from a finite distance are 
divergent, and that converging rays are found naturally nowhere 
except coming from the interior of a myopic eye. It is, therefore, 
with reason that Jager says that the fundus of a myopic eye is the 
only object in heaven or on earth which a hypermetrope is able to 
see without the correction of his ametropia. 

Let us now return to the study of the conditions which we 
found, in the preceding paragraphs, as necessary for th 


of a clear and distinct image. The hypermetrope, ed of his 
accommodation, cannot unite indifferently all co 
only those which are directed toward his 
Now, since the rays coming from the eye vo 

y necessary that the 


yope are directed 
toward its punctuw remotum, it is ab{olyt 
punctum remotum of the myope cojgejde with that of the hyper- 
metrope, in order that the hypertétrope make out clearly the 
details of the fundus of th pic eye in the upright. image, 
without the ww accommodation or a correcting 
glass. 

If the eye has Kopia of 4.5 D its punctum remotum is 
situated at 22 Gy meters in front of it, and that of the hyper- 
metrope “aoe 20 behind it when his eye is 2 centimeters 
before D nder examination. 

Ther 


no need to multiply examples. Understanding the 
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fundamental principles as we have given them, it is easy to follow 
out all the combinations possible, and to judge whether an 
ametrope of a given degree can see the fundus of another 
ametropic eye or not, and at what distance it must be placed. 
Moreover, when we have found the conditions necessary to enable 
any eye A to see the fundus of another eye B, the law of conjugate 
foci tells us that under the same conditions B can see the fundus 
of A if it turns the ophthalmoscopic mirror and illuminates it. If 
A sees the fundus of the eye B it is because the image of B’s 
fundus is formed on his own retina. We have only to replace the 
image by the object, and the object by the image, according to 
the law of conjugate foci, and we readily see that, inversely, an 
object on the fundus of the eye A should form its image on the 
retina of the eye B, that is to say, that B should see the upright 
image of A. 
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LECTURE XVIIL 


THE INVERTED IMAGE. 


GENTLEMEN :—We open in this lecture a new question in the 
study of ophthalmoscopy. We have repeated, time and again, 
that the rays coming from the fundus of a myopic eye are 
convergent, and are united in its punctum remotum. If this 
is true, an image of the fundus of this eye must be formed at 
the distance of its punctum remotum, in accordance with the 
law of conjugate foci, which allows us to replace the image by the 
object and the object by the image. Since an object is seen 


FIG. 38. 


distinctly by a myope when at it 5S Pi remotum, that is to 
say, since a distinct image of 5 ject is formed on the retina, 
it follows that an object (2e) tina forms a clear and distinct 
image in front of the e AY distance of its punctum remotum. 
We can easily ee ae of the truth of this. We have 


only to illuminas Gp myopic eye of 10 D, for example, from a 
sufficient distan6)? order to see a real image of its retina formed 
at 10 centit s in front of it. 

An N B 


‘O 
oo 
N 
fan 


A (Fig. 38) which is situated at the punctum 
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remotum of the eye M forms on the retina of this eye an image 
a b, and, reciprocally, an object a b on the retina forms an image 
A B in the air in front of the eye. The image and the object, as 
you see, are inverted in relation to each other. 

We can produce the same effect in our artificial eye composed 
of the flame and convex lens. Let us simulate the condition of 
myopia by removing the flame which represents the retina beyond 
the focal distance of the lens. By removing ourselves sufficiently 
far away from the lens we will see again the image of the flame, 
but it is not the same image which we saw before, when the 
myopia was corrected; the proof of this lies in the fact that we 
can only see it when we place ourselves at a certain distance from 
the eye, and that in order to see it distinctly we must bring our 
accommodation into play, because the image is situated in the air 
between our eye and the examined eye. Thus, retaining our 
example of a myopia of 10 D, if we place ourselves at 40 centi- 
meters before such an eye the image of the fundus of the eye will 
be made at 10 centimeters in front of it, and 30 centimeters from 
our eye, and in order to see it distinctly we myst, by our 
accommodation, adapt our eye to the distance of A 

We have only to place a screen between o Gin eye and the 
convex lens which represents our artificial in order to be con- 
vinced that at a certain distance nae ens the image of the 
flame is produced on the screen. O 

The images which we have obtained previously, of the emme- 
trope, and the hypermetrope myope, after correction, could 
not be received on a scree 

Let us again use t grand flame. We place the flame in 
the focus of the | r, in other words, we correct the myopia 
which we produed py removing the flame beyond the focus of the 
lens. We withpe able to see the flame through the lens, but, no 
matter Wwh@) we place the screen, we will not be able to obtain 
any Jaye *of the flame upon it. 


phthalmoscopic image of an emmetrope or a corrected 


THE INVERTED IMAGE. 253 


ametrope, as we see it in the simple illumination, is behind the eye, 
and virtual, while the image of a non-corrected myope is produced 
in front of the eye examined, and is real. 

Another important difference is to be noticed, too, between this 
real image and the image we saw before, and that is that the real 
image is inverted while the other is upright. The same thing is 
seen when a myopic eye is examined at a distance, with an 
ophthalmoscopic mirror alone. If we cause the eye under exami- 
nation to make slight movements the image of the fundus of the 
eye does not follow these movements, but is displaced in an 
opposite direction. If we cause the patient to look upward the 
image moves downward; if he looks to the left the image moves 
toward the right; and vice versa. Moreover, in observing the 
disk and remembering that the large vessels which come out from 
it are directed outward, you will see that in the image furnished 
by the myopic eye these vessels run in an opposite direction, 
inward, and if you have noticed the upright image in detail, 
and found a point of pigment, for example, above the disk, you 
will find it in the myopic image below. All these thi go to 
show that the image is inverted. This, however, not be 
astonishing. You have not forgotten that all i are formed 
on the retina inverted ; therefore, if we rep (9) e image by the 
object (always following the law of conjya@dp“foci), an object on 
the retina ought, in its turn, to for esa image at the 
place where the object was. All ic eyes, therefore, form, at 
the distance of their puncta OH , real and mverted images of 
their retine. S 

It may be asked, pos Er y it is that the emmetropic and 
hypermetropic eye Odin images at their puncta remota ? 
In reply I would say t&at in order that an image be real it must 
be formed by hCppavergence of luminous rays. 


Now, the 2G) K` emanating from emmetropic eyes, being parallel, 


cannot ee a focus and form an image in the air, and the 
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rays coming from a hypermetropic eye are much less able to do 
so, since they are divergent. 

In speaking of the punctum remotum of a hypermetropic eye 
it must be understood always that it is negative, that is to say, 
it does not exist in reality, but only corresponds to the union of 
the rays coming from a hypermetropic eye and supposed to be 
prolonged backward, that is, to the point from which they appear 
to emanate. 

Neither an emmetropic nor a hypermetropic eye, therefore, can 
produce an aerial image, because the rays which come from them 
do not converge, as do those coming from the myopic eye. But 
we are able to make both parallel and diverging rays converge by 
means of a convex lens; in other words, we can render an emme- 
tropic or hypermetropic eye myopic by placing a convex lens in 
front of it. 

Place, for example, before an emmetropic eye a convex lens of 
10 D. What will be its influence on the emerging rays? It will 
unite the parallel rays which come from the emmetropic eye at 
its focus situated 10 centimeters in front of it, or an amounts 
to the same thing, it will give an emmetropic om yopia with 
its punctum remotum 10 centimeters in Kw the lens. Our 
emmetrope, deprived of his aes will read, with this 
glass of 10 D, the smallest print 10 c eters in front of it; his 
eye will be adapted to this shora) QF. 
myope’s is to the distance of 1 nctum remotum. Inversely the 


ce in the same way as a 


objects on his retina "o eir inverted and real images at 
the same distance in O the lens. If we illuminate the 
interior of an em ee by means of an ophthalmoscopic 
mirror we will s eO Sa image of the fundus at any distance, 
without any e of the accommodation. If we place before the 
same eye or lens, and remove our eye to some distance from 
it, me Me, by an effort of the accommodation, another image 


NS and situated in front of the eye under examination. 


s in Fig. 39 the object a b, at the fundus of the emmetropic 


THE INVERTED IMAGE. 255 


eye, forms, by means of the lens L, an inverted image, as, inversely, 
an object A B will form its image in a b on the retina. 

The same thing occurs in a hypermetropic eye. If the convex 
lens is sufficiently strong, it will render the divergent rays of the 
hypermetropic eye convergent, so that they will be united and form 
an inverted image in front of the eye, not at its focus, but beyond 
it, and nearer the observer, since the rays coming from the eye 
observed are not parallel, but divergent. 


Fia, 39. 


In order to obtain an inverted image of the fundus of an 
emmetropic or hypermetropic eye, we must, therefore, place a 


convex lens in front of it, while for the myopic eye image 
is produced spontaneously, at its punctum rem , without 
the intervention of any lens. We can thu sily examine 


the eyes affected with a considerable degree 1G) opia (from 10 to 
20 dioptries) with a simple mirror ; nx? 
this method is not practicable. If e’a myopia of 2 D, for 
example, there is no doubt but S there will be an inverted 
image of its fundus formed at,90 te 


Opia of less degrees, 


ntimeters in front of it, but 
how can we illuminate an e th an ordinary ophthalmoscopic 
mirror at a distance of Ss. an 80 centimeters? For, in order 
to see the image w Qs be at 30 centimeters distance from it. 
This is not practicalle/ because the illumination becomes too weak, 


and because t largement of the inverted image becomes so 

great that ines of a single branch of one of the retinal 

PENNS he whole of the pupillary field, and we cannot make 
e 


S 


etails and their relations with any satisfaction. What 
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should we do in suchacase? Weshould use the same means 
which we have just, used for the emmetrope and hypermetrope. 
Since the myopia is too feeble, we increase it by placing a positive 
lens in front of the eye. The inverted image is formed too far 
from the eye, so we unite the rays closer to it, by increasing their 
convergence by means of a convex lens. The inverted image in 
this case is found nearer to the lens than in emmetropia, that is, 
within its focus. 
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LECTURE XIX. 


THE SIZE OF THE OPHTHALMOSCOPIC IMAGES. 


GENTLEMEN :—Recurring again to our primitive artificial eye, 
we find that it discloses to us yet other valuable facts. Make this 
eye emmetropic or hypermetropic, by bringing the flame up to the 
focal point of the lens, or within it. We see again the image 
upright. By interposing between our eye and the lens which 
represents the eye to be examined a convex lens, No. 10, for 
example, we see the image change immediately, from the up- 
right to the inverted. By comparing this inverted image with 
the upright image, the striking fact is revealed that the upright 


image is much the larger. 

The upright image of the living eye is often s 

that we cannot see the whole of the papilla i field of the 

pupil; often a single trunk of the retina s is sufficiently 

large to fill it, while the inverted image S) 
0 


to enable us to see at once not only th 


e made so small as 
of the papilla but a 
large portion of the retina surroun it. 

Moreover, if, in making the ipyeed image, we employ different 
convex lenses, we shall find S he inverted image obtained by a 
weak lens is larger thar owen by a stronger one, and further- 
more, that it is BEN 
the latter. 

We shall fingġo0, that the inverted image formed by the 
emmetropic KWith the same lens, has always the same size, what- 
ever m Os distance from the eye. 

AN 


A ther hand, the size of the inverted image of the hyper- 
V 


a greater distance from the lens than 
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metropic eye diminishes in proportion as the lens is removed from 
the eye. 

By removing the lens from the myopic eye, on the contrary, the 
size of the inverted image increases. 

If we should compare the inverted images obtained by the same 
lenses, at the same distance from an emmetropic, hypermetropic 
and myopic eye, we should, of course, find that the image of the 
hypermetropic eye was larger, while that of the myopic eye was 
smaller than that of the emmetropic eye. From which fact the 
three following very important laws have been established. 

1. The upright image of an eye is larger than its inverted 
image obtained by the aid of a strong convex lens. l 

2. The size of the inverted image is proportional to the focal 
distance of the convex lens used (inversely proportional to its 
refracting power). 

3. The inverted image of a hypermetropie eye is, other things 
being equal, greater than that of the emmetropic eye, and that of 
the emmetropic eye is greater than that of the myopic eye. 

These are very important facts; but they giver only rela- 
tive ideas; they indicate the relations which between the 
size of the various ophthalmoscopic imageg(Cwrthout giving us 
the least hint as to the absolute size q, @y images, or even the 
relations which they bear to the size object. The enlarge- 
ment of the ophthalmoscopic imag otally different question. 
You must not forget that te Beero of an eye examined with 
the ophthalmoscope is not | at under the same conditions as 
an object viewed in the aiy\g$/for example, the membrana tympani, 
which we observe A f an otoscope. We look at it through 
a dioptric syst ely, the refracting apparatus of the eye 
under Oa to which we sometimes add a lens, to correct 
the ametroy kyr to produce the inverted image. 

A necessary to say that, under these circumstances, 


ts at the fundus of the eye do not appear of their natural 
ndeed, in the examination by means of the upright image, 
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the fundus of the eye is situated at or near the focus of a magni- 
fying lens, and all objects seen under such conditions are magnified. 
In the examination of the inverted image the fundus is found, as 
we have seen, beyond the focus of the magnifying lens, since the 
image it produces is inverted, and for convex lenses, which we 
generally use in ophthalmoscopy, this inverted image, though 
smaller than the upright image, is still larger than the object 
which produces it. 

It is not an unimportant matter to determine the enlargement 
of the ophthalmoscopic image. What would you say of a his- 
tologist who would not take account of the enlargement of his 
preparations under the microscope, and what should we think of 
those ophthalmologists who do not endeavor to find out the real 
dimensions of those parts of the eye which they examine with the 
ophthalmoscope? I repeat, that this question has a great practical 
importance, and is not interesting simply from a scientific point of 
view, since it is not a matter of indifference to know the real size 
of a foreign body which the ophthalmoscope shows us in the 
fundus of the eye. Neoplasms at the fundus or in the ikterior of 
the eye are likely to remain to us an unsolved mys y we do 


not take account of their real size; but it is ially for the 
dus that it is 


o its real size. 


purpose of studying the topography of th 
important to reduce the ophthalmoscopic i 

It is of great importance to know y rt of the eye we are 
examining; if such and such an affection of the fundus is found 


very near or very far from the maa; at how many millimeters 


from the papilla a foreign is lodged, which we propose to 
extract. It will dimini erably the chances of success of 
this operation, which, er, is sometimes successful, if we can- 


not put a just estinfateytfpon the seat of the foreign body, such as 
can only be Qbggzined by a knowledge of the real size of the 
ophthalmoscoghNmage. 


This Sie however, is not one very easy of solution, and it 
cannot olved without the assistance of mathematics; and 


| ` 
i A? 
N 
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since it is in accordance with our plan to adhere strictly to the 
practical side of our subject, we shall not go outside of it now to 
consider this matter, but simply refer those who desire to go into 
the subject fully to my monograph on the enlargement of the 
ophthalmoscopic image,* and to the chapter on the same subject 
in the Compendium d’ophthalmologie, by Wecker and Landolt. 
I have treated the subject in detail in those places, and I shall 
here limit myself to giving the results obtained. 

The enlargement of the upright image depends on the distance 
to which the image is projected ; in other words, on the distance 
at which the observer thinks he sees it. If this distance of 
projection, as I call it, is 30 centimeters, that is, if the observer 
projects the image to a point 30 centimeters in front of him, the 
enlargement of the upright image will be 20 times. 

The inverted image produced by a convex lens of 20 D (+4 0.5) 
placed at 47 millimeters in front of the cornea is, for the EMME- 
TROPE, 3.6 times greater than the object; it 1s LARGER for the 
HYPERMETROPE, SMALLER for the MYOPE; and this difference 
increases with the increase of the ametropia. It is,Mowever, not 
very considerable; thus the inverted image of Ko of 
7.9 D (4 O.S) is 4.1 times larger than the obja for a myope of 

7.9 D the image is 3.1 times larger than xO) ect. 

The relation of the size of the inv Image of an ametrope, 
under the circumstances ae i of the upright image, 
is, therefore— 

For emmetropia = 1: 5.6. > 

For hypermetropia of = Bs : 4.7. 

For myopia of ING 

It follows rag that we coe use the inverted image 
when we wish GF e a general view of the background of the 
eye, while théaypright image is to be employed when we wish to 
study it ny in detail. 


+ 
S Le grosissement des images ophthalmoscopiques. Paris, 1874. 
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LECTURE XX. 


DETERMINATION OF THE REFRACTION BY MEANS OF 
THE OPHTHALMOSCOPE. 


GENTLEMEN :—The course of luminous rays which enter the eye, 
as well as that of the rays coming from its interior, depends, as 
we have seen, on the condition of the refraction of the eye. In 
ophthalmoscopy we have to do with both the incident and emergent 
light: the incident light being that with which we illuminate the 
eye, the emergent light that which forms the ophthalmoscopic 
image. Now, the refraction of the eye influences not only the 
course of the emergent light which forms the ophthalmoscopic 
image, but also that which we throw into the eye, and that, too, 
in a variety of ways. Ophthalmoscopy should, therefay& furnish 
us, not with a single method only, but with man thods for 
determining the refraction of the eye examine e can deter- 
mine the refraction of the eye by means of xO cident light; we 
can determine it again by means of the l A 
to use in order to see the upright imag means of the enlarge- 


ich it is necessary 


ment of this image; by means gMthe distance at which the 
inverted image is formed; and find, by the enlargement of the 
inverted image. 

The sipmlest and mo OF of all these méthods consists in 
finding the lens whi e examiner needs in order to see the 


fundus of the eye r examination, distinctly. 
After what. Is gone before, this method requires but little 
further expan. We have seen that the eye of the examiner 


being N opic, the lens which it is necessary to use in order 
erect image of the fundus of another eye depends upon 


to see 


ge 
Re} 
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the refraction of the eye to be examined, and that the number of 
the lens used to give a distinct image marks the degree of the 
ametropia. 

You must not forget the one essential condition for determining 
the refraction: the eye of the examiner, as well as that of the 
examinee, must have its accommodation completely relaxed. 

If the examination is made in a dark chamber, and the examinee 
is told to look as if at objects in the distance, the accommoda- 
tion is nearly always completely relaxed. The proof of this is that 
the refraction, as determined by the ophthalmoscope, is nearly 
without exception less than that found by the usual means of test 
glasses, and nearly always corresponds with that found after the 
accommodation has been overcome by atropine. 

It is indispensable that the observer habituate himself to relax 
his accommodation during ophthalmoscopic examinations. In 
order to do this emmetropes and hypermetropes must accustom 
themselves to look through convex lenses at objects situated at the 
focus of the lens, and to practice bringing their eyes to a condition 
of parallelism. This latter can be ans b cing before 
one eye a prism with its base inward. We 7G; iso found it of 
advantage to observe the inverted image hh ugh a tolerably 
strong convex lens (+ 3 D), in eee stom ourselves to 
relax the accommodation in all Wad s with the ophthalmo- 
scope. Those who are not able to btely control their accom- 
modation, should find the point which they are able to relax it, 
and then consider themselvesymYopes whose puncta remota are sit- 
uated at the distances Tee they adapt their accommodation. 
choose as an obj determining the refraction. It is evident 
that in the maj of cases we will wish to take the refraction in 
the directing of “i visual axis, that is, in the direction of the 
ees a But the macula is not a good point to select. In 

ace, there are no objects there with clearly marked out- 


Finally, it is ver N rtant to know what point of the eye to 


SS Nee the examiner is able to judge whether his eye is 
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accurately adapted or not; in the second place, the light of the 
ophthalmoscope falling directly on the macula dazzles the observed 
eye to such an extent that the pupil contracts and thus interferes 
much with the examination; finally, it is in the direction of the 
optic axis that the reflections from the refracting surfaces—the 
cornea, and the surfaces of the lens—are most annoying. 

An object which serves much better than this is the papilla, 
with its clearly marked outline, which is sometimes bordered by a 
line of pigment, and with its vessels, which are clearly pronounced 
against the bright background. Furthermore, it is insensible to 
light, and the reflection from the cornea is thrown to one side, 
because it is not found on the line of vision of the observer when 
he is looking at the disk. It is only necessary to know, therefore, 
if the refraction at the papilla is the same as that at the macula ; 
that is, whether the papilla and the macula are on the.same plane 
relative to the dioptric system of the eye. A difference of a frac- 
tion of a millimeter in the length of the eye suffices to produce 
considerable differences in its refraction. Ordinarily, however, 
we can say, without any great error, that the macujg\and the 
external border of the papilla are about on the same 1 it is only 
in excavations and protrusions of the optic ner d especially 
in staphyloma posterior, that we have to AEN 
at the macula itself. ~ 

It is of importance sometimes to O the refraction, not 
only for the central part of the ie of the eye, but also for the 
peripheral portions. I, among gth”observers, have satisfied my- 
self that, where myopia is Sir by an elongation of the eye 
(axial myopia), it is le, Aw e periphery than at the center. 
It may change to e ropia, or even hypermetropia, at the 


e the refraction 


peripheral portion. 

We will pia sts that the observer ts emmetropic and 
deprived of. K 
another. KN 5tincny, without the aid of any correcting glass, by 
simple Atd with the ophthalmoscopic mirror, that eye 


accommodation. When he sees the fundus of 
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must also be emmetropie: if the examiner sees the fundus of the 
examined eye, the image of the fundus must be formed clearly 
upon his own retina, and in order that this image be distinct it is 
necessary that the rays coming from the examined eye be parallel, 
and parallel rays can only come from an emmetropic eye. 

If, on the contrary, the emmetropic eye sees the fundus of an- 
other eye by means of a convex lens, as well, or better than with- 
out a glass, then the examined eye is hypermetropic; for, in order 
to see clearly, the emmetropic eye must have the rays coming to 
it parallel, and if the rays are parallel after passing through a 
convex lens, they must have been divergent before reaching it, 
and that divergence must have been the same as if the rays came 
from the focus of that lens. Now, it is only a hypermetropic eye 
which can send out divergent rays. The examined eye must, 
therefore, be hypermetropic, and its punctum remotum must coin- 
cide with the focus of the correcting lens. The degree of the 
hypermetropia is therefore given by the number of the correcting 
lens. If an emmetropic observer sees the fundus of a hyperme- 
ey that this 

ing power 


in order that 


tropic eye distinctly with a No. 4 convex lens, it s 


eye has need of an increase of 4 dioptries in its 
in order to become emmetropic, that is t 
luminous rays coming from it shall be par He has, therefore, 
been 4 dioptries weaker than the emm , and consequently his 
hypermetropia is 4 D. 

We can consider the matter we another way. The correct- 
ing lens has rendered the rays ing from the eye of a hyperme- 
trope parallel; terena were divergent, and, as we have 
said, the point of di Rep e is found at the focus of the lens, 
which coincides wi e punctum remotum of the hypermetropic 
eye. Now, theod! distance of a lens of 4 D is 19° = 25 centi- 
meters. 'R Gyunctum remotum of the eye under examination is 
see th re, 25 centimeters behind the lens. If the lens is 

ses centimeters before the eye the punctum remotum is 
x SS 23.5 centimeters behind the apex of the cornea. 
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Here, you see, arises the question of the distance which sepa- 
rates the eye and the correcting glass, It is apparent that it is a 
matter of no little importance where the glass is held. If it is 
brought as close as possible it will not be far from the anterior 
focal point of the eye, which is 13 millimeters from the cornea. 
It ought, therefore, to have the same power as the lens which we 
have found in determining the refraction and acuteness of vision 
subjectively by means of glasses, and as we took in this method 
the number of the glass as a direct expression of the degree of 
ametropia, so we shall make no reduction of the number when we 
determine the refraction by the ophthalmoscope when the correct- 
ing glass is found near the same place. 

This reduction would only be necessary in the case where the 
correcting glass is further removed from the eye to be examined, 
and especially in the high degrees of ametropia, where a difference 
of some millimeters in the focal distance of the lens will make a 
considerable difference in its refracting power. In this case we 
have only to remember that the focus of the correcting lens and 
the punctum remotum of the eye under examinatiqn coincide. 
Therefore, in order to find the real degree of the “os rsh 
e correcting 


we will have to subtract from the focal distance 
ornea, or, if we 
the patient should 
e subtract from the 


lens the distance which separates it from 
wish to know the number of the glasses 
wear at 13 millimeters from the cofne§ 
focal distance of the ophthalmosco K correcting glass the distance 
which separates it from a point 13 miimeters in front of the cornea. 

Thus, suppose that the op @hoscope is held at 25 millimeters 
from the cornea of th ea eye, and that No. + 8, whose 
focal distance is 125 N is required to see the fundus 
clearly by the ereck mpthod. The punctum remotum of this eye 
is then found atG@25 — 25 = 100 millimeters behind the cornea ; 
the real hy opia is therefore 10 D, and a correcting lens 
placed SS illimeters in front of the cornea will have to have a 

18 


focal ce of 100 + 13 = 113 millimeters, which is 9 D. 


3 


AQ 
ay 
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When the emmetropic examiner has need of a concave lens in 
order to see the fundus of an eye, that eye is myopic; the 
luminous rays which have been rendered parallel by the concave 
lens must have been convergent before reaching the lens, and have 
come, therefore, from a myopic eye. These rays must have had 
such a convergence, too, as would bring them to a focus at the 
punctum remotum of that eye. The number of this concave 
lens gives, therefore, the degree of myopia of the examined eye, 
provided it is not held too far from it. If it is found that the 
fundus of an eye can only be seen distinctly with a No. 5 concave, 
that eye will have a myopia of 5 dioptries. Its punctum remotum 
should be at the focus of the lens, that is, at 20 centimeters in 
front of the lens, or at 20 + 1.5 = 21.5 centimeters in front of 
the eye. The observer, by removing his eye to a distance, can 
see with the ophthalmoscopic mirror alone, without any auxiliary 
lens, the inverted image of the fundus formed at this place. 

If the ophthalmoscope is held at a greater distance from the 
cornea, say at 25 millimeters, and it requires a No. 8 to see the 
fundus distinctly, we know that the punctum en ti of that 


eye is to be found at 125 millimeters in fron tlre lens, and 
therefore at 125 + 25 = 150 millimeters in of the cornea, 
and the true degree of the myopia is 49.2 0 D. The correct- 


1 
ing glass, placed at 13 millimeters in f XS the cornea, ought to 
have 150 — 13 = 137 millimeter (PY distance, and, therefore, 
7 D refracting power. 

When the examiner is TO but ametropic, the 
correcting glass which j uired to see the erect image dis- 
tinctly is evidently n Gs Apression of the state of the refraction 
of the eye o ecause it does not render the rays coming 
from this eye pgrajlel, but renders them convergent or divergent, 
according as@ke observer is hypermetropic or myopic. We must 
then subi€ay the part which serves to correct the ametropia of 
the iner from the number of the glass found. Thus, a 
a eetropi examiner who sees distinctly with a convex lens 
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would not say that an eye had a hypermetropia equal to the 
number of the correcting lens, because a part of the refracting 
power of this lens serves to correct his own hypermetropia, and 
this part must be subtracted from the number of the correcting 
lens. 

The same holds true for the myopie examiner who sees dis- 
tinctly with a concave lens. A part of the refracting power of 
this lens serves to correct his own ametropia, and must, conse- 
quently, be subtracted from the number of the correcting lens. 

But the determination of the refraction becomes as simple for 
the ametropic examiner as for the emmetropic when his ametropia 
is corrected. Many of our ametropic colleagues have adopted our 
suggestion to put in the central opening of the mirror the lens 
which corrects their ametropia. By doing this they are always 
in a state of emmetropia while making ophthalmoscopic examina- 
tions, and the lenses of the ophthalmoscope which are used to 
determine the refraction of the examined eye serve them as well 
as emmetropes. This was in the time of the old system of 


fraction which represented their ametropia fr 
correcting lens. With the new system of n 
this calculation is so simple that it would b 
special correcting lens in the ophthalmo 4 
Suppose the hypermetropia of the Gey? ris2 D. His refrac- 
- tion is 2 dioptries feebler than KON the emmetrope. From the 
correcting glass of which he has heed to see the fundus of an eye 
under examination, it is oe necessary to subtract the two 
positive dioptries whi AG to correct his own hypermetropia. 
Thus, when our h etrope sees, with a convex No. 5, the 
fundus of an iy er examination, this eye has not a hyper- 
metropia of 30) because two of these 5 dioptries go to correct 
the hypern@)¥pia of the examiner. The hypermetropia of this 
eye WN érefore, be only 5 — 2 = 3 D. 
ay hypermetrope sees with + 2 D, the eye examined must 


& 
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be emmetropic, since 2 — 2 = 0, or, better expressed, because 
these two dioptries render his eye emmetropic by completely 
correcting his ametropia, and the emmetrope sees the fundus of 
another emmetropic eye distinctly, without the intervention of 
any glass. 

If the hypermetrope sees without any correcting glass, then the 
examined eye has an excess of refraction equal to the lack of 
refraction in the examiner’s eye. In the example we have taken 
the examined eye should have a myopia of 2 D, since 0 — 2 = 
— 2. This would be the number of the correcting glass which 
an emmetrope would require to see the erect image in that eye, 
and is also the correcting lens of a myopia of 2 D. 

If the hypermetrope has need of a concave lens to see the 
fundus of an eye distinctly, then this eye has a higher degree of 
myopia than when the hypermetrope saw without a lens. Suppose 
our hypermetrope of 2 D is armed with a concave lens of 6 D. 
This lens increases his lack of refraction, and makes it = 8 
dioptries; consequently the excess of refraction of the examined 
eye = 8 D, since, according to our calculation, — rent (— 2) = 
oa ea EAN 

Let us take now a myopic examiner. His pfs an excess of 


refraction which can be compared to the ad@iNoh of a convex lens 
Gh 
always be more feeble than is necef Yo correct the eye under 
examination. The number of didjtries which represent the excess 
of refraction of the oy SNE must, therefore, be added 
to the correcting lens, in eee obtain the refraction of the eye 
examined. If the examg as M of 5 D, and he sees with a lens 
of + 1 D, the ex NY eye must be strongly hypermetropic, 
because the me) the examiner is already equal to a positive 
lens of 5 D, ey ich 
correcting . The hypermetropia of the examined eye must 
there, elo Fe = OD: 


Qi 


to his dioptric apparatus. The corre ens will, therefore, 


must be added yet another dioptry of the 


myope of 5 dioptries sees without a glass, then the 
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examined eye has a hypermetropia of a degree equal to the 
myopia of the examiner, and the hypermetropia will be equal to 
5 D. 

When the myope has need of a concave lens feebler than his 
myopia, the examined eye is hypermetropic still, because a part of 
the myopia of the examining eye is neutralized by the concave 
lens, but there yet remains an excess of refraction. For example, 
if our myope of 5 dioptries had need of — 3 dioptries to see the 
fundus of an eye by means of the erect image this eye should 
have a hypermetropia of 5 — 3 = 2 dioptries. 

If the myope sees distinctly with his correcting glasses, the 
examined eye is emmetropic, because the correcting lens renders 
the myopic eye emmetropic, 5 — 5 = 0. 

And if the concave lens, of which the myope has need in order 
to see the fundus of an eye in the upright image, is stronger than 
its myopia, then this eye is itself myopic, but not in a degree 
equal to the number of the correcting lens, because a portion of 
this lens serves to correct the myopia of the observer. In our 
example, an eye the fundus of which the myopic exafhiner sees 
in the upright image with — 8, has a myopia of =— 3 
dioptries, because of the 8 dioptries 5 go to co he myopia of 


the examiner. 


Q 
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LECTURE XXTI. 


DETERMINATION OF ASTIGMATISM BY MEANS OF THE 
OPHTHALMOSCOPE. 


GENTLEMEN :—When two meridians of the eye have different 
refractions, each meridian gives rise to the same ophthalmoscopic 
appearances as an eye having that degree of refraction. The 
ophthalmoscopic image of such an eye would, therefore, differ in 
many particulars in the two unequal meridians. If, for example, 
the refraction is stronger in the vertical than in the horizontal 
meridian, the examiner will have need of a stronger correcting 
glass in order to see distinctly the lateral, the upper, and lower 


Sa will be 


e horizontal ; 


borders of the optic disk. 


At the same time, the enlargement of the uprig 
more considerable in the vertical direction thay 
the disk will appear relatively elongated in g@tyVertical diameter. 

The opposite takes place in the in image, and, as the 
enlargement of an inverted image is) s for myopia than for 
hypermetropia, and less for hypgeiroria of low degrees than for 
the higher, so objects seen thròWgh a less refracting meridian 
furnish an inverted image | than that formed by a more highly 
refracting meridian. Gp er, the size of the inverted image 
varies unequally in @Nferent diameters, according as the convex 
lens is approachtd Jo or removed from the eye. In removing 
or approachinGssuccessively, the convex lens, the dimensions of 
the inverte Mage increase or diminish more rapidly in the more 


. + . . 7° . 
igang ènn meridian, and vice versa. 
The 


, the distance which separates the inverted image from 


O 


© 
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the lens will be greater in the image formed by the meridian less 
refringent than in that by the more highly refracting. 

Another characteristic of the astigmatic eye consists in the fact 
that external objects form on the retina images more or less 
distinct, according to the meridian by which they are formed, a 
fact of which we can convince ourselves in an examination by the 
direct method. 

All these facts have their bearing in the determination of 
astigmatism by the ophthalmoscope. 

The presence of astigmatism is revealed in the degree of sharp- 
ness of the different parts of the image in the direct examination ; 
if we see clearly, for example, the upper and lower borders of the 
disk and the horizontal retinal vessels, while the lateral borders 
of the disk and the vertical vessels appear confused, then we can 
assert, with certainty, that astigmatism is present. When the 
appearances change, that is, when the vertical vessels become 
distinct, and the horizontal are confused when an effort of the 
accommodation is put forth; or on the employment of a stronger 
convex correcting lens or a weaker concave lens, they we know 
that the vertical meridian has a stronger cury than the 


horizontal. 

Indeed, in looking through an astigma S at the retinal 
vessels which run in different directi we are in the same 
conditions as when looking at a figur mn lines through 
a cylindrical lens. The lines Bese rea to the meridian for 
which the eye of the observer is wdapted will appear distinct, the 
others indistinct, especiall se which are parallel to the cor- 
rected meridian. WIR adaptation is changed the appear- 
ances change too. O 

If the fundus e eye had an object of a fixed form, if, for 
example, the idewas circular, then that form alone would suffice, 
in the erect@hige, to make the diagnosis of astigmatism. The 


+ 


an ppear oval, with its long axis parallel to the meridian 


A 


strongest curvature. 
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But, since the disk is frequently oval in a normal condition, and 
no portion of the eye has a constant form, the diagnosis of 
astigmatism is not always possible by means of the upright image 
alone. But it is quite otherwise when we compare the erect and 
inverted images together. 

This is the most satisfactory method for determining the 
existence of astigmatism ophthalmoscopically. 

If we find, for example, that the form of the disk in the erect 
image is elongated vertically, and becomes round, or even oval, 
with its long axis horizontal, in the inverted image, we then know 
that the dioptric apparatus is stronger in the vertical meridian 
than in the horizontal. A stronger refraction gives a greater 
enlargement in the erect image, a less enlargement in the inverted 
image. Other objects in the fundus, such as the retinal vessels, 
can also be taken as tests. 

Javal has proposed, for the rapid diagnosis of astigmatism, to 
employ the inverted image by varying rapidly the distance of the 
lens from the eye, still leaving, however, the ophthalmoscopic 
field larger than the size of the disk. If astigmatismyis present 
the disk will change its shape during this movem Ka d become 
elongated in opposite directions at the two ext Kries of the ex- 
cursion of the lens. & 

y 
observed eye, because 


In all these experiments it is indispensg&{>’to hold the convex 


<2 


lens exactly perpendicular to the axis 
the least inclination will give rise fọ af alteration in the form of 
the ophthalmoscopic image, an consequently to an apparent 


astigmatism. 


A very elegant me iagnosing astigmatism consists in 


observing on the fun the eye the image of a radiating figure 
which is interpo tween the source of illumination and the 


mirror of the @phthalmoscope. Thus, in bringing four threads 


together, cr g at the centre in the form of a star, we can see 
on the s of the eye a shadow of that figure. If the eye is 
not à atic all the rays of the star will be equally distinct, 
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while in the case of astigmatism some will be more distinct than 
others. 

I will not dwell on the ophthalmoscopic methods for deter- 
mining the degree of astigmatism, since we will only rarely be 
called upon to make the determination in this manner. But I 
would recommend the employment of the ophthalmoscope in the 
diagnosis of astigmatism, since it is easy, and of great importance 
practically. 
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EXAMINATION OF THE FUNDUS IN DETAIL. 


GENTLEMEN :—We know now the conditions which must be 
fulfilled in order that we see the fundus of the eye, and even the 
enlargement under which it is seen. We must next take into 
consideration what it is we see in the fundus when we look at it 
through an ophthalmoscope. 

We will suppose the refracting media of the examined eye to 
be perfectly transparent, and the eye to be illuminated by means 
of the ophthalmoscope at a moderate distance. We now simply 
see the pupil to be of a bright and uniform red color, without 
being able to distinguish any distinct forms, except in the case of 
myopia of high degree, when we will see the ee ee in 
front of the eye. This red color is due to the blo 
lates in the vessels of the retina and choroid, egp@@ially the latter. 


ch circu- 


O 


ith its refraction, we 


By bringing our eye as near as possible to t e under examina- 


tion, and bringing our refraction in acco 
® ; : 

(ady he retinal vessels, which 

come out at its centre and are dishejbu ed on the retinal surface. 
Toward the temporal side of ikdoptic nerve we find the macula 
lutea. The retina in a l condition being transparent, we 
are enabled to see the Cp) ed epithelial layer back of it, whose 
dark tone, mixed withe red of the vessels of the choroid, 
produces the funny tal color of the background of the eye. 
When the piggmnt is not abundant, as in blonde individuals, we 


will see the papilla of the optic nerve 


can disting perfectly the large vessels of the vascular layer of 


the c i 


eNO the fundus of the eye we direct our attention, in 
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the first place, to the papilla of the optic nerve, or optic disk, as 
it is most frequently called. This serves as a sort of point of 
departure for measurements and for fixing the topography of the 
fundus, and in a number of cases it is itself the seat of patho- 
logical alterations of a very characteristic nature. 

In order to find the papilla of the optic nerve it is necessary to 
remember that in man the entrance of the optic nerve in the eye 
is found at about 15 degrees to the inner side and 3 degrees above 
the posterior pole of the globe of the eye. In order to bring the 
papilla in the visual line of the observer we cause the examined 
eye to be directed slightly upward and toward the nose. 

By placing ourselves in front of the patient we can obtain this 
position of the eye with certainty by causing the patient to look 
at our right ear, if it is the right eye that is under examination, 
and at the left ear if it is his left eye. 

Before our eye has been properly adapted to the eye under 
examination we see only a white and diffuse reflection in the red 
field. This white spot is the papilla, and it is to it that we should 
direct our attention, since it serves as a centre in.Naking a 
topography of the fundus. XO 

The papilla has the form of a disk (Fig. 40), mes circular, 
but more frequently oval, with its long esw exception- 
ally the long diameter is horizontal. 

The contour of the disk is not 2. always absolutely 
regular. The color of the sy a light, clear pink, and 
frequently it is more pronounged“én the inner half. A white 
ring (¢,) generally orn a disk. This is called the scleral 
ring, and it is bounded @yity turn, by a black or deep brown 
line, the choroidal ri N 

The centre of t isk is slightly excavated, and forms a kind 


of funnel, from ‘ach we see the trunks of the retinal vessels, the 
artery and O, enter the eye. Each of the two vessels bifur- 
cates ngaNphe level of the retina. These vessels are very clearly 
outlind& n the clear background of the disk, and are directed 


Kx 
N 


) 


<S 


276 EXAMINATION OF THE EYES, 


toward the outer side of the eye, distributing their branches over 
the whole extent of the retina. 

But, before following the vessels up to their peripheral termi- 
nation, we must pay attention to some other parts which give to 
the disk its characteristic appearance. 

The optic nerve is enveloped by two sheaths, the internal 
(í 2), more delicate, which adheres closely to it, and which is 
nothing more than a continuation of the pia mater; the external 
(e e), much thicker, corresponding to the dura mater. The two 


FIG. 40. 


O 


sheaths are se ed by a space called the inter-vaginal space, 
which is it f~ct communication with the sub-arachnoidal space. 
The int sheath gives origin to the connective tissue which 
enya the nervous fibres of the optic nerve. Near the globe 

Ds the outer sheath spreads out and separates itself more 


O 
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and more from the inner sheath, and forms the external layer of 
the sclerotic (S 8). The inner sheath accompanies the optic nerve 
still further and spreads out suddenly, to form the inner layer of 
the sclerotic. A third part of this tissue adheres to the fibres of 
the optic nerve up as far as the level of the choroid (Ch). The 
large transverse fibres bind this sheath of the optic nerve to the 
tunica adventitia of the retinal vessels, and thus forms the lamina 
cribrosa (l). Through the meshes of this pass the fibres of the 
optic nerve. Each of the fibres up to this point has had its sheath 
of myeline, which gives them their white and opaque appearance, 
but in passing through the lamina eribrosa they lose this sheath 
and retain nothing but their axis cylinders. They are then trans- 
parent, and are spread out on the retina (R R) to form its inner 
layer, that of the nerve fibres. 

The nerve fibres which are directed toward the inner side of 
the retina are more numerous than those designed for the outer 
side, and they form a layer of greater thickness at the border of 
the papilla. Nevertheless, this hardly passes the level of the 
retina, and is thinner on the outer side than on ae r.viit 
is, therefore, inappropriate to call the optic nerve ance the 
papilla, which presupposes a prominence. The eye entrance is 
protuberant only when there exists a nouriti O swelling of its 
ocular extremity. Q 

The ophthalmoscopic othe a section, as it were, 


of the optic nerve (Fig. 40), and papilla is seen as a round 


disk, because the optic nerve d; but it more frequently 
appears oval than circular, A ae the optic nerve and papilla 
are inserted LESAN i ye, and we see it more or less ob- 
liquely, and conseq ; is shortened in its horizontal diameter. 
In other cases wat form is due to a real irregularity of the 
optic nerve, ore Cap. irregularity in the dioptric media, notably in 
ete produces greater enlargement in one direction 
than i 


The SOS cl color of the disk is a mixture of the white of the con- 
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nective tissue of the lamina cribrosa, and the sheaths of the optic 
nerve fibres, the red of the blood which circulates in the capil- 
laries, and the color of the axis-cylinders, which, although trans- 
parent, have, nevertheless, a slightly greenish or bluish tint. In 
ordinary conditions we find in the color of the disk a good deal of 
yellow and orange. This yellow is due to the artificial light with 
which we illuminate the fundus. In examination by day, with 
the white light of the sun, we can see but little yellow in the 
color of the disk. It is very interesting to make an examination 
by daylight, and see the difference of coloration of the fundus in 
the two lights. 

As a proof that the white of the disk is due to the connective 
tissue and the red to the capillaries, I will cite the atrophy of the 
optic nerve, characterized microscopically by the absence of vessels, 
the disappearance of the axis cylinders and hypertrophy of the 
connective tissue, and ophthalmoscopically by a pure, brilliant 
white of the disk. 

The inner part of the optic nerve, as we have said, is richer in 
nerve fibres than the outer part. Sometimes, with te magni- 

d 


fying power, we can see on the outer part KAN 
gray patches. They are especially noticeable e beginning of 
atrophy of the optic nerve, and represent oe of the bundles 


of the nerve fibres around which the NS) the lamina cribrosa 


sk small, 


forms lozenge-shaped figures, and e visible for the reason 
that they are covered only by a & nervous fibres, either because 


the fibres ‘are physiologicall ner or more transparent, or 
because they have npn trons some morbid process. 
There is another xO ich has a considerable influence on 
the color of the dise that is the coloration of the fundus of 
the eye which Guyoands it. If this last is very light, as in 


blondes, the, pgpilla appears redder ; if, on the contrary, the choroid 
is highly ented, and the fundus of a deeper tint, the disk 
will nih lighter. It is important to bear in mind the influence 
of ontrast, in order to avoid the mistake of supposing that in 
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the first instance we have a congestion of the disk, and in the 
second a beginning atrophy. 

The tendinous or scleral ring which we see with the ophthalmo- 
scope is the internal sheath of the optic nerve which is prolonged up 
to the choroid. It is larger in proportion as the perforation for the 
choroid is larger, or, in other words, as it is less covered by the 
pigment of the choroid. It is this pigment surrounding the 
tendinous ring that constitutes, when sufficiently thick, the pig- 
mentary ring of the papilla. It may form a complete ring, or 
only a crescent, which is situated, in the large majority of cases, 
on the outer side of the disk. It may even be absent in eyes 
poor in pigment. 

The vessels which we see emerge from the centre of the disk 
sometimes bifurcate in the lamina cribrosa. We then see two 
arterial and two venous trunks come from the disk. Most fre- 
quently this bifurcation takes place on the surface of the disk 
itself. In this latter case we see the common trunk of the vessels 
before its bifurcation. 

One of the two principal branches of the artery Ne vein is 
directed upward, the other downward, to run the ward the 
periphery, describing an arc around the mace their course 
these trunks give off branches which are RO ted to all parts 
of the retina. 

So long as the vessels have the MG) irection as the optic 
nerve, they appear, like the surfa ke the disk, as if cut trans- 
versely, and on this account Loy a deeper color and some- 
times irregularly dilated. stir are distributed on the plane 
of the retina, it is easy Gi guish the arteries from the veins. 
The arteries as well mS branches are thinner, lighter in color, 
and straighter tha e veins, which are darker in color, larger, 
and more or leg&sfiuous in their course. 

We ronan running along the centre of the arteries, a 
light, 1 Rous line. This is due to a reflection of the light of 
the gphalmoscopic mirror from the tense, cylindrical walls of 


~~ 
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the arteries. This reflection follows the movements of the ophthal- 
moscope. It is less marked on the veins which are less tense, and 
consequently flatter. 

The veins offer again, very frequently, another characteristic 
phenomenon, namely, pulsation. We see this pulsation in the 
larger trunks of the retinal veins (near the disk), never in the 
smaller branches. It consists in a rhythmical dilatation and 
collapse of the vessel, synchronous with the contraction of the 
heart. This is explained as follows :— 

During the systole of the heart there is a diastole of the arteries 
which are filled with blood. At this moment the arterial pressure 
is evidently increased. This increase of pressure is communicated 
to the vitreous humor, which is not compressible, enclosed, as it is, 
in a very slightly elastic case, the sclerotic. It is, therefore, the 
veins, and especially the larger trunks, which offer the least 
resistance, and which feel most the increase of the intraocular 
tension. The further the blood has gone on its course the more 
its pressure diminishes. It is at the moment that they pass out 
from the eye that the tension of the retinal vein the most 
feeble. The diastole of the arteries is, therefore 


a compression of the veins, which is propagat 
toward the periphery of the retina. 

This compression being made at the xO 
veins, they are rendered in that heir course almost fili- 
form, and the flow of blood is acceékerated toward the optic nerve. 

But the aflux of blood by aha re not being arrested, the 
veins fill themselves mor more, and their tension increases 
up to such a point OL which the intraocular tension 
opposes to the exit A ood is overcome. This is accomplished 
much more quic an the tension of the vitreous body diminishes 
at the approadigot the systole of the arteries. The venous pulsa- 
tion is no yrerefore, a true pulsation, but rather a passive dila- 


of emergence of the 


ANS is phenomenon is especially marked when we increase 


RO 
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artificially the intraocular pressure by pressing lightly on the eye 
with the tip of the finger. 

The pulsation of the arteries is not visible in a normal condition. 
It only becomes so when the intraocular pressure is considerably 
increased, as is the case when we press on the eye with the finger. 

We have a very marked venous pulsation, accompanied nearly 
always with arterial pulsation, in glaucoma, which, as you know, 
is characterized by an increase of the intraocular tension. A true 
venous pulse is produced by the regurgitation of the blood accom- 
panying insuficieny of the tricuspid valve. 

Insufficiency of the aortic valves, and the mitral valve, with or 
without hypertrophy of the left ventricle, is accompanied by a 
spontaneous pulsation of the retinal arteries. A very strong spon- 
taneous pulsation of the arteries and veins is found in Basedow’s 
disease. 

The true pulsation, as we find it in the cases mentioned, differs 
from the pulsation caused by the increase of the intraocular tension 
(glaucoma), in this, that the rhythmic contractions of the arteries 
in the first case are transmitted throughout the whole Re of the 
artery, while in glaucoma the alteration in the dienes r of the 
vessels is seen hardly beyond the edge of the cise 

After the optic nerve, we examine the r G2) It is so trans- 
parent that we are seldom able to see itj rmal condition ; it 
is only under weak illumination that n See it as a grayish or 
greenish veil in the thicker parts Gere disk, or along the larger 
vessels. We can sometimes disti h the very fine striæ which 
correspond to the nerve ae 

The most important e retina is the macula. Anatomi- 
cally it is represente N slight depression in the retina, of a 
reddish-brown oS h oval borders. It can be easily distin- 
guished. 

The ASAR to the posterior pole of the eye, and is 
the BRN. ost distinct vision. 


é, therefore, theoretically, only to require the patient to 
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look into the centre of the ophthalmoscopic mirror, in order to be 
certain that we are looking directly at the macula. This, however, 
is attended with many inconveniences. 

In the first place, the light is dazzling when it falls on any 
portion of the retina except the optic nerve (which is insensible to 
light), but particularly so when it falls on the region of the 
macula. The result is that the pupil is strongly contracted, and 
the ophthalmoscopic field consequently very much restricted. In 
the second place, the reflections from the cornea and crystalline 
lens are very annoying to the observer, because they are now just 
at the apices of the surfaces through which he looks. 

We can more easily see the macula in the inverted image than 
in the upright. I cause the patient to look, not at the reflection in 
the lamp, but at the right side of my forehead in examination of 
the right eye, and the left half in examination of the left eye. I 
afterwards place the convex lens in such a way as to see, through 
its centre, the outer border of the papilla. Then, by moving the 
lens slightly to the outer side, the image of the macula follows the 
movement of the lens, and I can see it free KOY corneal 


reflections, because these are displaced in an ogfQsité direction 
from that in which the lens moves. 

The macula can present many different arances in a normal 
condition. Generally, it forms an oval yts long axis horizontal. 


This oval is bounded by a bright life, Spietimes glistening, which, 
probably, is due to the reflectionSeghich the light undergoes at the 
border of the excavation of thé#nacula. The bottom of this is 
dim, and of a much deep Qa than that of the fundus generally. 
In some instances it 1 Drown or deep gray. 

At the centre of acula, which corresponds to the central 
depression, we Gy point of intense redness, almost black. We 
find this egpggjally in young individuals, and those whose eyes are 
strongly ented. Sometimes the bright line of which we have 
nE does not describe a complete oval, and the macula may 


be ter, yet the dark point in the centre is hardly ever 
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absent. In other cases we see only traces of this image, and the 
macula is only to be distinguished by the absence of retinal vessels. 

You must never neglect to examine the macula attentively. It 
is often the seat of a number of affections—hypertrophy or atrophy 
of the pigment, exudations, hemorrhages, etc.—which affect the 
vision considerably. These alterations will escape those who limit 
their opthalmoscopic examination to the disk. 

After we have examined the disk and macula, we direct our 
attention to the parts of the fundus surrounding them. We have 
already said that these parts are, in general, a darkish-red color, 
which is more or less uniform. 

This coloration is due, in part, to the layer of pigmented epithe- 
lium of the retina, and, in part, to the vascular layer of the choroid. 
Behind the transparent part of the retina is a thin layer, formed 
of quite regular hexagonal cells and filled with pigment. It is this 
pigmentary layer of the retina which gives to the bottom of the 
eye its more or less dark and granular appearance. 

Behind the epithelial layer of the retina is the choroid. se is, as 
you know, the vascular membrane of the eye. Its me pig- 
mented, and we can easily distinguish a capillary laye er the 
retina, and a deeper layer which contains the large oe 

It is mainly the vessels of the choroid whic TG) he fundus its 
red color, modified by the blackish brown O e pigment cells. 
The richer these latter are in pigme 
the vascular layers and the darker t when 


re they will hide 
ndus will be, as we find 
it in those individuals and races v re strong in pigment. 

If, on the contrary, the nO eo in pigment, as is the case 
in blondes, then the red Na eee and may even become 
bright red, and we are h€ny 
the capillary vessels\tytough the granulated brown of the 
epithelial pigm Kory layer. Albinos, finally, in whom the 
pigment is naD nt are very excellent subjects on whom to 


le to see distinctly, here and there, 


lar system of the eye. We can distinguish per- 


study the 
fectly > the arteries and veins of the retina and the 


- 
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capillaries and large veins of the choroid. We should mention, 
in passing, that it is on account of the enlargement produced by 
the dioptric media of the eye that we are able to distinguish the 
capillary vessels. They are seldom visible to the naked eye. 

We examine the fundus of the eye, going from its centre in all 
directions up to the extremest limits at which we are able to 
illuminate it. We can do this either by making the patient look 
in various directions, or by changing our own position, or, better 
still, by a combination of the two methods. 

As many serious affections begin at the periphery of the 
fundus, it is very important to explore the eye throughout its 
whole extent. It thus becomes possible to diagnose diseases in 
their incipiency, and even to anticipate them before other symp- 
toms are manifest. Thus, retinitis pigmentosa and chororditis 
disseminata first manifest themselves, in the majority of cases, at 
the periphery of the fundus. Detachment of the retina, hemor- 
rhages or serous exudations, and foreign bodies which have pene- 
trated into the interior of the eye, are more frequently seen at the 
periphery than at the centre of the fundus. 

Only, we must always remember the ee retina or of 
the globe of the eye which corresponds e part examined. 
This is not always an easy matter w Or come close to the 
periphery. There is no longer a pait)from which to mark our 
position. The vessels are distri (a). a rather irregular manner, 
and there are only two things@wNch can serve to guide us: 1st, 
the direction in which we OF into the eye; 2d, the estimation of 
the distance which sepa the point examined from the papilla. 

We can easily A, € direction in which we look into an eye 
if we use a ED thalmoscope, but if we employ an ophthalmo- 


scope set in a we cannot tell in what direction the observed 


eye is looki. 
To (rte the distance between the point under examination 


+ 
NS disk we take the latter as a point of departure, and say, 
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for example, a retinal hemorrhage is seen at two disk diameters 
from the inner edge of the disk, etc. 

By neglecting to estimate this distance we are liable to fall into 
serious errors in regard to the real position of the point examined, 
which may lead to disastrous consequences. Such is the case 
where we have to search for a foreign body which has penetrated 
the eye, or when we have to determine if a certain part of the 
retina has given rise to a scotoma whose existence has been 


demonstrated on the perimeter. 
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LECTURE XXIII. 


DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 


GENTLEMEN :—We have seen that the essential part of the 
ophthalmoscope is the mirror, either semi-transparent, or with 
a central perforation; that examination by the erect method 
requires a certain number of correcting lenses in order to adapt 
our eye to the eye under examination, and that in order to produce 
the inverted image we must, in the majority of cases, use a strong 
convex lens. A complete ophthalmoscope, therefore, is composed 
of a mirror, correcting lenses, and one or more strong convex 
lenses. We shall now examine the different forms which have 
been given to these three parts of the instrument, and the various 


methods of combining them. ~\ 
All forms of mirrors have been used in ghoir the 


plane mirror, the concave, the convex, ines atic, and mirrors 
made by silvering one surface of a, or meniscus. Plane 
mirrors have been used which reflec rt of the light and allow 
another part to pass through, as, QX mple, those made of plates 
of plane glass superposed, oi tae glass, which reflect more 
or less of the light, when intHned to a certain degree, and yet 
remain transparent. H Qi. purpose, as well as for convex and 
concave mirrors, și Ge glass, with the silvering rubbed off in 
the centre, or pe ed, have also been used; finally, they may 
be made of Var metal with a central perforation. All these 


various fors can be used with advantage. 


Hel z, in his ophthalmoscope, has used as a mirror a 


RG of plates of plane glass superposed. By inclining them 
e 


rtain angle toward the source of illumination, he obtains a 


N 
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polarized light and diminishes very considerably the reflections 
produced by the cornea and lens of the examined eye. ‘This first 
ophthalmoscope has been furnished with five correcting lenses, 
which, being mounted on a disk eccentric in relation to the axis of 
the instrument, can be brought successively behind the mirror 
and in front of the eye of the observer. 

It is a disk similar to this (which is called, after the name of the 
inventor, the disk of Rekoss) which we use at present to hold the 
correcting lenses. 

The superposed plates of glass are not now generally used as a 
reflector, because it has been found that, with a little practice, it 
is easy to get rid of embarrassing reflections from the observed 
eye. But the plane mirror still remains the best we can use for 
many examinations. A plane mirror of silvered glass, or of 
metal, is to be preferred to the glass plates, because it is not so 
heavy and gives somewhat more light. The illumination which is 
obtained by means of an oil lamp and a plane mirror is much 
softer than the reflection from a concave mirror. The plane 
mirror is therefore used whenever the examined eyg@N& very 
sensitive to light, and particularly for the oe} e erect 
image. A great advantage is thus gained by agers the con- 
traction of the pupil, and the consequent BAX of the ophthal- 
moscopic field. A plane mirror is, thergfoXe) Yhdispensable to a 
complete ophthalmoscope. 


The perforation in the mirror ogo be too small, as other- 
wise it will act as a stenopaic hale, fnd in this way hinder the 
exact determination of the oe Neither should it be too 
large, because it will paa 
and thus diminish thejl nation. It should be, at least, three 
millimeters in Sa may be, without inconvenience, four. 


Convex Mirror, never used alone in the construction of an 


too great a portion of the light, 


ophthalmosco O hey are sometimes combined, as is also the 
ho e : 
plane miN With a convex lens, which concentrates the light on 


the Ae nd in this way increases the illumination. 


N 
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The only ophthalmoscope using the convex mirror is that of 
Zehender. This consists of a convex mirror of 16 centimeters 
radius of curvature, with a funnel-shaped perforation at its centre. 
At the sides of the mirror are two flexible arms, one of which 
holds the correcting glass while the other carries a convex lens of 
13 dioptries, having about the same diameter as the mirror. 

The observer gives to this lens such an inclination that it 
concentrates the light from the lamp at the side of the patient on 
the mirror. The arm holding this lens is adjusted to the side 
of the mirror next to the light, to the right or left, as the case 
may be. 

Coccius and Follin have each combined, in a similar manner, a 
convex lens with a plane mirror. 

This method of illumination is not very common, since we have 
a much better means of increasing the illumination in cases where 
the plane mirror does not suffice, by the use of the concave mirror. 

The concave mirror gives a greater illumination than the plane 
mirror, because it concentrates the light, and is fog this reason 
most generally employed. ~\ 

The preferable focal distance is about twen@réntimeters, and 
the diameter of the mirror should be fro to 30 millimeters. 
It is of no advantage to have it larg Q is not a matter of 
consequence whether it be made Re or polished metal. If 
glass is used we strongly reco that it be perforated, and 
that the edges of the perforatg N 
the silvering at the centr not so good, the reflection from the 
posterior surface of th s being a decided disadvantage. 


e blackened; simple removal of 


It is of great a ge to have the mirror mounted on a long 
handle. The Yùlation of the instrument is thus rendered 
much easier tẹ” when the handle is short. i 

In regaxtQo the correcting lenses, as we have said, the disk of 
Reko Qis by Helmholtz, has remained the most convenient 

Jan we can use. The advantage of this is that it enables 


+ 
S rapidly change the correcting glasses. One inconvenience, 
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however, attending it, is that it is generally applied parallel to the 
mirror, and therefore the glasses have the oblique direction which 
we have to give the mirror when we reflect the light into the 
eye, and in thus looking obliquely through it it acts, in a sense, 
as a cylindrical lens. This is an objection which is often made 
against this disk, but I have found that the error which results 
from this position of the lens is so small as to be very properly 
neglected. It is only necessary to place the lamp, not so much to 
the side of the patient as a little behind him, in such a manner as 
will not require any great inclination of the mirror. 

The great disadvantage of the disk of Rekoss and of those made 
since his is that they do not contain a sufficient number of lenses. 
Although with six different numbers and the assistance of the 
accommodation we can, in the majority of cases, see distinctly in 
the erect method, we are, nevertheless, debarred from one of the 
greatest advantages of ophthalmoscopy, the determination of the 
refraction. 

It is for this reason that the diameter of Rekoss’ disk has been 


very much increased and the diameter of the lenses ko 
] 


so that there have been 25 lenses put in a disk of 3 ifmeters 
diameter. The inconveniences of this large disk a t it makes 
the instrument very heavy, and the small le are difficult to 


clean, and besides, 12 concave and 12 x lenses are not 
enough. No, 

In order to overcome these TAN Loring had added to 
his ophthalmoscope three disks w can be introduced suc- 
cessively, and his instrument ed for a long time one of the 
most nearly perfect PREP copes we had. However, the 
replacing of the disks rep onresin ; it necessitated a loss of 
time; and since the introduction of the metrical system has 
rendered the corgpjnation of lenses much easier, we have had 
recourse, for t rpose of increasing the number of correcting 
lenses, teeny simple means. We combine the lenses by super- 
posing We superpose two disks, each of which contains a 
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certain number of lenses. These two disks move independently 
of each other, and we can thus combine all the lenses of one disk 
with each lens of the other separately. 

In this manner we obtain in a limited space a very long series 
of numbers. 

There should be at least two convex lenses which are to be used 
in the production of the inverted image, one, No. 15 D, for the 
lower magnifying power, the other, No. 10 D, for the higher. 

The concave mirror was introduced into practice by Jager, of 
Vienna. The ophthalmoscope of Jager consists of a very short 
cylindrical tube, cut obliquely at one of its extremities, at about 
an angle of 60°. This end is directed toward the eye to be 
examined, and has a plane or concave mirror, while the opposite 
end, or that turned toward the observer, receives the correcting 
glasses. The advantage of this form of ophthalmoscope is that it 
allows us to incline the mirror independently of the correcting 
glasses, so that the observer always looks through the lenses in 
the direction of their axes, and thus avoids the apparent astigma- 
tism which results from their inclination. This influence of the 
inclination of the glasses is, however, not ae if the pre- 
cautions we have indicated be taken. Q 

On the other hand, the ophthalmoscope ager does not allow 
us to approach as near to the eye to oO ined as the ordinary 
ophthalmoscopes do. 

Latterly, a student of Jager, ssor Schnabel, of Innspruck, 
has combined with Jager’s gO a number of disks 
containing correcting len Myhich can be successively introduced 
into the instrument, S Loring’s ophthalmoscop3. He has, 


moreover, added tg fnstrument the first mirror of Helmholtz, 


consisting of “eye plates of glass. 
ing whose instrument with the concave mirror is most 


CA ployed, has attempted to render it available for 
ANN ion. ‘To this end he has taken away the handle of the 


TINY Sa has placed the mirror and the conyex lens used in 


N 


| 
| 
j 


DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 291 


the inverted image in a tube blackened in its interior. The whole 
is fixed on a stand which makes it permanent when it is once 
adapted. It has also a chin-rest, on which the head of the 
examinee is supported, and a flexible arm, which carries a small 
ball of ivory, serving as an object of fixation for the eye under 
examination. 

Galezowski has endeavored to utilize this instrument in practice 
by doing away with the accessory apparatus, retaining only the 
tube which is held in the hand. The usefulness of these ophthal- 
moscopes for demonstration is very problematical, and their 
application to practice is not to be recommended, because they 
deprive us of the great advantages of the examination by the 
upright image (greater enlargement and determination of the 
refraction); and furthermore, we never know in what direction 
the examined eye is looking. 

It would be idle to enumerate the names of all those who have 
used the concave mirror for the construction of various kinds of 
ophthalmoscopes. Since its introduction into practice the concave 
mirror has undergone a number of minor alterations inform. It 
has been diminished in size and increased boyondtethea ure; the 
handle has been discarded or replaced by the of the case 
which encloses both the mirror and x¢ rrecting lenses 
(Monoyer), or by a very small handle, et 

I show you here an ToS AD Da I have myself 
constructed, and which unites al ae poe which I have 
mentioned, as being the best for Ovi purposes. 

The mirror is concave; i y a focal distance of 20 centimeters 
and a diameter of 28 mil 


a] 


s. It has a central perforation of 


at least three milli diameter; its handle has a length of 


about 12 rae Sy aking the manipulation of the instrument 


very easy. | 
For the ~Pninaticn of the refraction this ophthalmoscope 
has RAS IWS of the size indicated in Fig. 41, A and B. They 
are a osed on the instrument behind the mirror and revolve 
e same centre. 
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The disk A contains six convex metrical lenses (Nos. + 0.5, 1, 
1.5, 2, 2.5, 3) and a free opening, 0 

The disk B contains two convex lenses (+ 3.5 and + 7), three 
concave (— 3.5, — 7, — 10.5) and a free opening, o 


FIG. 4l. 


In making the disks turn about their centres we can put all 
the lenses of each disk, as well as all possible combinations of the 
two behind the opening in the ophthalmoscopic mirror. 

By placing behind the opening in the mirror the free opening 
of the disk B, and turning the disk A, we have pas Ai in suc- | 


cession behind the opening the following =o convex 
lenses :— 
0. 
+05 ¥O 
er. Q 
an ee 


If we now bring AN of the disk B behind the opening 


in the mirror and ee 


combination :— 


rn the disk A, we obtain the following 


YS 15 4+ 3.5 — 5. 
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A a BLEE, 
2.0 Os) ey 
Sn Foe) see 00; 


By placing No. + 7 of B behind the opening and again turning 
A, we produce— 


OFT aad 
0.5 “Flies 
La they sees 
1.5 hf E ON 
2. fhe Y, 
Zoot a= 9.0 
P on Gari 46 


We have now obtained, not counting zero, a series of 20 
numbers of convexes (from 0.5 to 10 D) which corresponds to a 


series from No. 80 to No. 4 in the old system, all separated by 
an interval of one-half dioptry (#5 old system). 

To obtain the concave lenses we place the lens — 3.5 of the 
disk B behind the opening, and turning the disk A we ebtain— 


5 — 3.5 = — 
1. — 3.5 
0.5 — 3 : 
0 — — 3.5. 


B gives— 
ka 


Rw L. i) patria 
0.5 — 7 = — 6.5 


0. — 7 = — 7. 
3 | 
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Finally, No. —10.5 of disk B combined with the lenses of disk 
A, gives the following numbers :— 


3 —10.5 = — 7.5 

2.5 — 10.5 = — 8 

2 — 10.5 = — 8.5 

1.5 — 10.5 = — 9 

1 105 = = 9.5 

0.5 — 10.5 = — 10 

Os — 105 ='— 10.5 


We thus obtain a second series of 21 concave numbers from 
0.5 to 10.5 (No. 80 to No. 3% of the old system) also separated 
by a common interval of 0.5 D. 

Our ophthalmoscope, therefore, | 
furnishes us with 42 different num- 


bers of dioptries, without having 


to shift the disks, and has larger 


lenses and a smaller disk than any 


other refraction ophthalmoscope. 


Our lenses have a dia 


centimeter, which 


being cleaned ez nd possesses 


the great adv@Mkge, also, that it 
allows AQ be used for the 
e 


subjecti 


ermination of the re- 
frachi and acuteness of vision. 

e Wave only to remove the mir- 
, and the instrument becomes 


n optometer, with which we can 


find the number of glass neces- 


our trial cases? > 
A suitab anism discloses the number which results from 
any Y so that there is never any need to make « calcula- 
tion. N 42.) 
oS 
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This is a great advantage which my ophthalmoscope has over the 
others which have been constructed on the same principle. In 
these it is always necessary to add or subtract the two numbers of 
the combination, which causes loss of time, and isa frequent source 
of error. 

The correcting lenses are plano-spherical, with their plane sur- 
faces applied to each other. 

The numbers from 0 to 10 dioptries, convexes, and from 0 to 
10.5 concave, are sufficient for the determination of the refraction 
by means of the ophthalmoscope. We have need, sometimes, how- 
ever, for stronger lenses in the determination of the acuteness 
of vision. We have, for this reason, added a concave No. 10 
mounted on disk the same size as the mirror. This disk can be 
introduced in the place of the mirror, in the subjective examination 
of the acuteness of vision. 

By turning the disks we are able to increase, at will, the power 
of this lens, and the result is always easy to calculate, since we 
have only to add the number read off on the ophthalmoscope to 10. 
We can in this way continue the series up to No. 20.5 (1.9 O. S.). 

It is the same for the convex lenses: the shin 
used in deter- 


es ae 


we use in the production of the inverted image c 
mining the acuteness of vision, and in the subfac¥ive determination 
of the refraction. We have only to intr them separately in 
the place of the mirror. Thus No. added to the numbers 
contained in the instrument EEN 


convex 10 to 20 D. We thus Q e the number of our lenses, 
and while my ATEN N 42 numbers for the ophthalmo- 


ne series of numbers from 


scopic determination of y ion, it gives 84 for the subjective 
optometric determin: 

The irea Pa also be used for the determination of astig- 
matism by mes a stenopaic slit in a disk of the same size as 
the mirror. a is introduced in the place of the mirror. We 


can giyea@ Wny desired inclination, and the degree of inclination to 


the àl is read off on the surface of the disk. 
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Recently I have modified the mechanism by leaving off one of 
the points of the disk A, and adding small buttons to the disk B. 

When the disk A has made one turn, the finger which moves it 
no longer finds the stem, and it is thus warned to take one of 
the buttons of the disk B to continue the rotation. When one 
rotation of the disk A is made, it should stop until the disk B 
is moved up one glass, else we will go back to the number we 
began with. 

It is thus possible to make all the series of convex lenses from O 
to 10 D pass in front of the perforation in the mirror without 
removing the ophthalmoscope from the eye. On the other hand, 
by placing back of the opening in the mirror one of the concave 
lenses of the disk B we obtain, by pushing the points from below 
upward, the whole series of concave glasses without having to 
trouble with the hook of the disk B. 

The principle of combining lenses in order to increase the 
number of glasses, has been used by a number of oculists, among 
others by Knapp, Loring, Wecker and Purves, but it is only since 
the introduction of the system of dioptrics that it Ba\ become 


really practicable.* oe 


* Dr. E. G. Loring, of New York, has devised a metri 
differs from that of Dr. Landolt in many importan 
a single disk and a segment of another disk. AR disk contains 16 glasses, 
from 1 to 7 D plus, and from 1 to 8 minus, cP nterval of 1 D, which Dr. 
Loring considers sufficient for all ordinary{putpeSes. If, however, higher num- 

& 


Mhthalmoscope which 
iculars. It consists of 


bers are desired, or smaller intervals (0.5¢m)\these are obtained by means of the 
quadrant, which contains four glasses D, — 16 D, and + 0.5 D, and — 
0.5 D, which can be brought round a pplied over the glass of the disk behind 
the hole in the mirror. Thus, wi e superposition of a single glass (+ 16 or 
— 16), and with an uninter tion, a series is obtained of successive diop- 
tries from 1 to 23 plus, and to 24 minus, and a half series with the addition 
of the 0.5 D from 0.5 t , and from 0.5 to 9 minus, or 65 glasses in all. The 
value of the glasses ad jhe combinations is read off on the disk by a method 
peculiar to the instyament. This consists in having two concentric rows of figures, 
the outer of whi Ors the real value of the glass, and the inner the result of the 
combination ON supplementary glass is over the hole of the mirror. As 
the plus es*are in white and the minus in red, and as the outer row is shut off 
when N r is opened, no possible confusion can occur. Should the combina- 
S wanted, a trifling displacement of the quadrant to either side of the 


ne 


O 
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There are two ophthalmoscopes having peculiar interest, one 
because it enables us to look at the fundus with both our eyes, the 


FIG. 43. 


binocular ophthalmoscope of Giraud- Teo tho other because it 


mirror hole at once dissolves it, and the irfruntent becomes a simple single disk 
ophthalmoscope. Q 

The mirror of the instrument is DrlLorg’s “tilting” mirror, which is a modi- 
fication of the old mirror obtained tting off the sides of the ordinary concave 
mirror, producing thereby a pa ram 18 mm. in diameter, and 34 in length. 
The idea was suggested by Or sworth’s small circular mirror. Unlike this, 
however, it is designed fo the upright and inverted image, thus obviating a 
change of mirrors, it nd that abundant light is obtained for both methods. 
The mirror is swung bivots which allows a tilting to either side of about 25 


degrees. By thjs Opes the inclination of the correcting lenses is avoided, by 
y of light is saved, and the image rendered free from distor- 


which a large ee 
tion. The considers this an indispensable adjunct to the instrument for 
those w Safa to make accurate and easy examination by the upright method. 
For N 

Society, W18.—TR. 


description, see the Transactions of the American Ophthalmological 


LL 
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enables two or mare observers to look at the fundus at the same 
time, the demonstration ophthalmoscope of Sichel. 

The ophthalmoscope of Giraud-Teulon is based on the same prin- 
ciple as the binocular microscope of Nachet. Its purpose is to 
obtain for each eye a different image of the fundus of the eye 
observed, so as to produce a stereoscopic effect. 

A glass concave mirror M M (Fig. 43), of about 45 millimeters 
diameter, serves as a reflector. The silvering is removed at the 
centre, over an extent of 5.5 millimeters diameter. At the centre 
of this opening two glass prisms, a b c d and a’ b’ c’ d’ touch each 
other. The angles bad and b’ a'd’, and also the angles bcd and 
b’ c’ d’ are about 45°, so that the rays which fall as normals or under 
very small angles on b b’ undergo in each prism two total reflec- 
tions, from a d toward b c, and from b c toward A, out of the prism 
into the eye of the observer. The same occurs on the other side. 

Let x be an object and A A’ the eyes of the observer; each eye 
receives an image of part of x, as shown in Fig. 43, and these two 
images will show a greater difference, the larger the angle oxo’ is, 
that is, the closer the object is approached to the Rey and the 
larger the central opening. xS 

In order to adapt the instrument to the NẸfce between the 
eyes of each observer, one of the prisms i ided, and its outer 
half can be approximated to, or remov N, the other, according 
to the distance which separates the T% For the purpose of 
regulating the adaptation and convergence, two small prisms 
(p p) are placed behind the gpertigs in the ocular. 

By placing behind the Mmg in the mirror one of the convex 
lenses enclosed in t KG C C, and in front of the oculars, the 
concave lenses r ny , we add to the ophthalmoscope a kind of 
Gallilean telescoye fund increase the magnifying power consider- 
ably. ° © 

This i "nent has the advantage of showing the fundus of 
the €X Cie and thus allows us to appreciate exactly any 


2 ces in the level of the background. 
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The ophthalmoscope of Sichel (Fig. 44) is designed to show to a 
number of observers at once the image of the fundus. It is 
composed of a concave mirror M M, of 35 centimeters focal 
distance, to which is adapted a metallic case on which it can be 


FIG. 44. 


moved in differentd@ections. This case has a perforation of about 
1 centimeter MON through both walls in its centre, in the same 
axis with ț oration in the mirror. The form of the opening 
‘in the mide s oval in its transverse axis. In the interior of the 
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case there is a rectangular prism whose hypothenuse is placed at 
an angle of about 45° to the axis of the case. 

The plane corresponding to one of the sides of the right angle 
of the prism is brought up so as to occupy two-thirds of the 
opening in the mirror, leaving the other third free. One end of 
the case is closed, the other open. The latter is provided with an 
ocular in which correcting glasses can be placed. A convex lens, 
C, placed in front of the eye under observation forms an inverted 
image of the fundus at b. 

A part of the light coming from this aerial image passes through 
the free portion of the opening of the mirror, and enters the eye 


of observer I directly. The other part meeting with the side of 
the prism is deflected from its course by the surface of the hypothe- 


nuse toward the eye of the second observer II. 

The author, in his description of the instrument, which we 
borrow from the Annales d’Oculistique (T. lxvii), says that by 
adding a second case to the first, at some millimeters distance from 
it on the opposite side, it is possible to make the instrument avail- 
able for three observers. The principal observer ay through 


the central perforation, or the space between the cases, while 


each of the other observers looks through an at the end of 
the cases. 

Monoyer* has also carried out this prj e, and showed us, in 
1878, the first example of an ophth pe for three observers. 


* Revue Medicale eer Feb., 1874. 
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LECTURE XXIV. 


SOURCE OF ILLUMINATION. EXAMINATION BY THE 
OBLIQUE LIGHT. 


GENTLEMEN :—We have a word more to say in regard to the 
source of illumination for ophthalmoscopy. It is evident that 
the ideal illumination is that of the sun. It is not only the most 
intense—which, however, is not always an advantage in ophthal- 
moscopy—but the light is white, and shows us objects in their true 
color. 

We always employ daylight, wherever it is possible, but most 
frequently we are compelled to have recourse to artificial light. 
In order to have daylight at our disposal we make an opening in 
the shutter. The room must be dark and the Ae a es 

as MRO 


é placed with 


through the opening must be the only light in 


make an ophthalmoscopic examination the patign 
his back toward the window, to the right o 
This light, though not so strong as that 
sufficiently strong for the examination of 
notable advantages over the artifgial light, among them the 


ail of the opening. 


P 3 


& fundus, and possesses 


arge lamp, is yet 


important one which we have monea, that we are enabled to 
better distinguish the shad @ coloration of the fundus, which 
renders the diagnosis myc precise than when the examina- 
tion is made by artifici ht, which is always red. I cannot too 
strongly recommen tg you the employment of daylight in ophthal- 


moscopic examiygsjons. 
It is hardly Qyecessary to say that daylight has the same advan- 
tages ip nations by the oblique light, as with the ophthalmo- 


scope. 
> 


302 EXAMINATION OF THE EYES. 


We can use, as artificial light, indifferently, gas, oil or petroleum. 
When gas is used it is not generally best to turn it on to a full, 
blaze, because then the illumination becomes too intense. The 
flame of an oil lamp is usually the most convenient source of 
illumination. You must not forget, as I have said, that artificial 
light gives an orange or reddish tint to all objects illuminated by 
it, which they have not by daylight. It should not be astonishing, 
therefore, to find the fundus of a different color, and paler, by 
sunlight, than by artificial light. 

In making an ophthalmoscopic examination we place the lamp 

to the side of and behind the patient. The less the angle formed 
- by the source of illumination and the mirror, the less must be the 
inclination of the mirror. This is a great advantage, because the 
illumination is then stronger, and the opening in the mirror 
through which we look is narrowed less, and the visual line is then 
found nearer the axis of the correcting lens. 

It is indifferent whether we place the light to the right or the 
left of the patient. The mirror must be held lightly and by the 
end of the handle, by the three first fingers of the d, in order 


We begin always by the examination of © upright image. 
After having thrown the light into the e bring the ophthal- - 
moscope as close to it as possible with structing the light by 


the head of the patient. 
We keep the light in the se direction by observing the 


pupil, which should appear bridtly illuminated. 
We then see the reflech f the mirror on the cornea, and on 


the anterior and pos rfaces of the lens. These reflections, 


to manipulate it as easily as possible. 


especially the first are frequently very annoying, so much so 
as to hide the ogjegts which they overlie from our view. 

It was for Gye purpose of doing away with this inconvenience 
that Helgi iz employed polarized light; by giving to his mirror 
an ein of 56 degrees such light is not thrown back from 
thexar 


acting surfaces of the eye. 
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In order to avoid the inconveniences resulting from these reflec- 
tions we simply incline the mirror in such a manner that the 
reflections shall fall to the side of the parts to be examined. 

The field of ophthalmoscopic observation is limited by the edge 
of the pupil. It follows that this is greater the closer we bring 
our eye to the observed eye, because the closer we approach to it 
the more we increase the angle of vision, the apex of which is in 
our eye, and whose sides touch the papillary borders. 

It is an indispensable condition for a clear and distinct erect 
image of the fundus, as we have already said, that the eye of the 
examiner be accurately adapted to the eye under examination. 

If we are dealing with emmetropic or hypermetropic eyes, our 
eye must be adapted for parallel or diverging rays. In such cases 
you must be on your guard not to make too great an effort of 
accommodation. This is a very important point, because at the 
beginning of your ophthalmoscopic practice you will experience a 
tendency to put forth more accommodative power in proportion as 
you see more indistinctly. This is due to the fact that account 
is not taken of the direction in which the rays come et eye 
under examination. You feel instinctively that a ject is 
situated quite close to your eye you must, get: to see it 
distinctly, bring a strong accommodative XO into play. You 
forget that the object to be observed i RAGA behind a lens 
formed by the dioptric media of the Ke) ui 
that, consequently, the rays coming it are much less divergent 
than if looked at with the naked e 


er examination, and 


If the object is situated a, focus of the lens, as in emme- 
tropia, the rays, in pasgi Qpr , are parallel, and we must com- 
pletely relax our acc odation; if it is situated within the 


focus, as in hypernigtrPpia, they pass out in a divergent manner, 
as if they P om an object situated at a certain distance 


behind ZOT gr examination, and we do not have need of 


any K ew siderable effort of accommodation. 


O 


AO 
| wy 
~N 
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Finally, in the case of myopia, we are in need even of a concave 
lens in order to see distinctly. 

We have not, however, always command over our accommoda- 
tion, since the ciliary muscle is not a muscle of the striated 
variety. But you will remember that the accommodation is in 
intimate relation with the convergence, and one is nearly always 
proportional to the other. Consequently, if we bring our eyes into 
a state of parallelism the convergence and accommodation are both 
abolished at the same time. Now, the muscles which preside over 
the direction of the eyes are under the control of the will, and we 
can easily gain a complete mastery over their movements. 

To practice bringing the eyes into a state of parallelism we use 
a prism with its base turned toward the temple. The prism thus 
produces an apparent displacement of objects toward the temporal 
side, and in order to obtain simple binocular vision the eye covered 
with the prism must be turned outward. By using, therefore, 
stronger and stronger prisms we finally come to a parallel state of 
the visual lines. It is necessary that both eyes fix the same 


object, and as long as the object is seen single with two eyes 
they are properly directed. In case the prism i strong, that 
is, when the eyes are no longer able to pro e divergence 


which vision through the prism requirgs will see double, 
because one of the eyes is no longer ape to the object, and 
consequently its image is no longer on the macula. When 
you have once experienced thgXgensation characteristic of a 
parallel position of the eyes yo Q soon be able to bring it about 
spontaneously, and thereby, A 

After having deter tf) e refraction, we proceed with the 
examination by mea the inverted image, following the rules 


your accommodation at will. 


we have given aligv 
The convax@ens should be held sufficiently far from the exam- 
ined eye fy s focus to fall near the plane of the pupil. By 
this he diameter of the pupil is magnified as much as 
possi nd its borders disappear completely from the ophthal- 
opic field. 
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There is one inconvenience attending the inverted image which 
is not present in the examination by the erect method, and that is 
the double reflection of the light by the convex lens. To remove 
this we have only to slightly incline the lens, and the two reflec- 
tions will disappear in opposite directions, and leave the centre free. 

Beside the convex lens No. 10 or 15, by means of which the 
inverted image is produced, I always look through convex No. 3 
in order to adapt my emmetropic eye to the distance of the in- 
verted image. In this way I accustom my eye to always relax 
its accommodation when making an ophthalmoscopic examination. 

The inverted image, as I have already told you, gives us a 
general view of the interior of the eye. We should examine the 
fundus in all directions up to its extremest limits, for reasons we 
have already indicated. 

When we have found by the inverted image a diseased part, a 
pathological production, or any alteration whatever in the back- 
ground of the eye, it is well to again have recourse to the erect 
image to appreciate more exactly the nature of the actual or 


suspected alteration. A 


EXAMINATION BY MEANS OF THE OBLIQUE I INATION. 
The inspection of the anterior parts of the y concentrating 
on them, by means of a lens, the light fro mp or other source 


of illumination, is called the examinQtin by the oblique light. 
We are, by this, able to examine, iÑ turn, the following parts of 
the eye: the cornea, aqueous O , iris, lens, and anterior por- 
tion of the vitreous humor. 

In making this ex wi we use a lamp which can be 
advanced or withdraw ised or lowered, at will, in order to give 
the light all desir directions. The upper lid of the eye can be 
held gently byte thumb of one hand while the other hand holds 
a convex le Qut 15 or 20 D). 

The Nas of the lamp concentrated by this lens is thrown on 


the on layers of the cornea, which we can examine very 


& 
NS) 
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minutely when the lamp is placed at the side of the patient so as 
to give to the light a direction tangent to the cornea. We can in 
this way not only make out trifling troubles in this tissue and 
mark their extent and thickness, but can also determine the exact 
depth of the tissue in which they are situated. We can thus 
estimate the depth of ulcers of the cornea, the form of their bases, 
the development of a hypopyon which, as we have demonstrated 
with Horner,* is never found in the thickness of the cornea, but 
commences by a deposit of pus on the posterior surface of the 
cornea, and increases and descends little by little into the bottom 
of the anterior chamber. 

In the same manner we distinguish the punctiform opacities 
due to deposits of pus on the membrane of Descemet, so frequent 
in serous iritis. 

We examine the aqueous humor in the same way. 

By bringing the lamp a little further forward the iris is illumi- 
nated, and we can examine it throughout its whole extent by 
making the luminous cone traverse all its parts from the papillary 
border to the corneal margin. 

In examining the crystalline lens we give to t ent a direc- 
tion a little less oblique, taking care to illum) all its layers in 


succession. 
The lens, even in a normal oe especially in old 
people, nearly always presents a, duge, slightly grayish reflec- 
tion, resembling mother of rey This must not be confounded 


with a commencing cataract,gint, as we can convince ourselves 
by means of the opal ee such lenses are perfectly trans- 
parent. N\A 

Cataract is ch Med by alterations of a very marked nature. 
We must deter the part of the lens in which the opacities 
are situated ether in the capsule or in the anterior cortical 
substanc Q 


In ioe to arrive at a fine diagnosis, it is indispensable to vary 


he nucleus, or in the posterior cortical substance. 


~\ * Bokowa, Hypopyon-Keratitis. Thése de Zurich, 1871. 
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the direction of the light, by advancing or removing the lamp or 
the head of the patient, and placing it first on one side of him 
and then on the other. 

When we wish to ascertain whether an opacity or foreign body 
is situated on the anterior or posterior surface of the lens, we can 
use, with advantage, the following method: Illuminate the eye 
with the mirror, as if for an ophthalmoscopic examination, hold- 
ing it at a sufficient distance from the eye: the opacity will 
appear as a black spot on the illuminated field of the pupil. In 
causing the patient to look upward and downward the black spot 
will retain the same relative position to the papillary border, if the 
opacity is on the anterior part of the lens. It will, on the con- 
trary, be displaced in a direction opposite to the movement of the 
eye, when it is found on the posterior part. 

A posterior polar cataract will manifest itself by a reflection 
analogous to that of a concave mirror A simple senile cataract 
presents a greater or less number of black rays at the periphery 
of the lens. To examine the equator of the lens the pupil must 
be dilated with atropine. 

After the lens, we examine the accessible oe vitreous 
humor. Floating bodies, crystals of cholester} arasites and 
foreign bodies having their seat in the an Se of the 
vitreous chamber are easily recognized KI ns of the oblique 
illumination. We can even sometime t a detachment of the 
retina and intraocular tumors. 

As we have already said, by Kow the position of the light 
we can give an astonishing etn to our diagnosis, and this 


precision is further incr Kay en a second lens is used to magnify 


the parts illuminated e first. This lens is held in the hand 
whose little finger \upports the upper lid, elevating it a little. 

The ea by means of the oblique light completes the 
list of meth@ or examining the eye, which it has been our 
RSS et forth in these lectures. 
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Real ophthalmoscopic i image, 


PAGE 


Refraction, determination of by the ophthalmoscope, “essential condition for, 


e 
of the eye, 
Relations of cerebral to peripheral vision, 
Relative amplitude of accommodation, 
Retina, acuteness of vision at BER pania of, 
Retinal v essels, : 


Scientific medicine, on what based, 
Scleral ring, 
Scotomata, 
Serofula, manifestations of, in the eye, 
“Second sight” of oid people, explanation of, 
Sichel’s ophthalmoscope for two or more obser vers, 
Size of the erect ophthalmoscopic image, 
inverted ophthaimoscopic image 


ophthalmoscopic images, laws governing, 


Spectroscope, description of, 
Spinal cord, diseases of, as manifested in the eye, 
Strabismus, apparent, 

concomitans, 


convergens, its connection with hypermetropia, 


divergens, its association with myopia, 
Subjective examination of the eyes, 
Syphilis, manifestations of, in the eye, 


Test-types of Green, 
Monoyer, 
Snellen, 
Tonometer of Landolt, 
Snellen, 
Tubercles in the choroid, 
Tumors of the iris, yellow, in leucwe mia, 


Virtual se pede ee image, 
Visual angle, smallest, 
field, extent of in various directions, 


inexactness of usual modes of deter OS ; 
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The Two Leading Companion Medieal Journals of the 
United States. 


THE WEEKLY MEDICAL AND SURGICAL REPORTER. 
THE HALF-YEARLY COMPENDIUM OF MEDICAL SCIENCE. 


These journals have now been established many years—the REPORTER Since 1819, the COMPEN- 
DiuM since 1869—and at no past time have they at all equaled their present circulation. At present con- 
siderably over four thousand copies of the REPORTER are printed every week, and distributed 
throughout the United States. 

The REPORTER appears every Saturday, and contains 24 large 8vo., double-columned pages of 
reading matter, thus giving 1250 pages of fresh and choice information every year. 

its special aim is to supply the practical wants of the profession; hence, it gives peculiar 
prominence to Therapeutics, Diagnosis, new remedies, surgical inventions, medical legislation, 
sanitary matters, Society Proceedings, new books, medical education, medical news of the day, ete., 
leaving Wiscussions of theoretical views largely to other mediums. 

Clinical instruction, Hospital Reports, and articles on recert advances in special departments 
of practical medicine, receive constant attention. Translations and selections from the best med- 
ical periodicals of the world form a marked feature of the Reporter. 

Its original department is supported by many of the best writers in the United States. In 
the past year (1878) not less than 324 different writers contributed tw its columns, among whom were 
such able instructors as Drs. D. HAYES AGNEW, W. L. ATLEE, J. M. Da Costa, L. A. DUHRING, 
Wm. GOODELL, S. D. Gross, R. J. Levis, Wu. PEPPER, L. TURNBULL, H. C. Woop, J. SOLIS 
CosEn, ete., of Philadelphia; Drs. AUSTIN FLINT, FRANK H. HAMILTON, Wm. A. HAMMOND, 
L. A. SAYRE, T. GAILLARD THOMAS, A. JACOBI, A. H. Loomis, C. C. Secuin, ete., of New York; 
Drs E. ANDREWS, N. S. Davis, M. Gunny, etc., of Chicago; Drs. J. J. LARRABEE, D. S. REYNOLDS, 
etc., of Louisville; and numerous others from all sections of the country. 

Price of the REPORTER $5.00 per year, in advance, 

Specimen copy mailed free, on application, 

Three months, ‘on trial,” for $1,00, 


' 


Ñ 
THE HALF-YEARLY COMPENDIUM 


Appears on January 1st and July ist of each year, forming two ignnual volumes of 300 large 
octavo pages each, with complete Index. It has been establis sour with a constantly grow- 


ing circulation. 
~ While complete in itself, it is also intended asa Cg@mp Journal to the Medical! and Surgical 


Reporter; it is made up from articles which have not be@&jncluded in the latter. The one journal 
is the complement of the other. 


The Compendium is Arranged U the Following General Heads: 
ysics, Botany, Chemistry, and Toxicology. III. 
1 Medicine and Sanitary Science. V. Clinical Medi- 
n and Children. VII. Surgery, local and general, 


I. Anatomy, Physiology, and Pathology 
Materia Medica and Therapeutics. IV. 


cine. VI. Obstetrics and Diseases of 


Diseases of the Skin, etc. 
From 600 to 700 separate artes Pear each year in these various departments, carefully pre- 
pared, and giving the choicest sele®eiéns from all sources, American and Foreign. It is the only 


work of the kind which does ay to American writers in medicine. 


es PRICES: PER YEAR. 


Wien and Surgical Reporter....................:.2000 $5.00 
y Compendium of Medical Science.................... 2.50 


and Compendium, taken together....................- 7.00 


BF Payablain Advance. 


“A number of ‘Visiting Lists’ offer themselves as candidates for doctors’ favor. We 
are decided in our opinion that 6 Butler’s Physician’s Pocket Record,’ issued by D. G: 
Brinton, is unrivaled in its excellence.’ — Louisville Medical Ners 


THE PHYSICIAN'S 


DAILY POCKET RECORD, 


COMPRISING 


A Visiting List, Many Useful Memoranda, Tables, etc. 
By S. W. BUTLER, M.D. 


EDITED ANNUALLY, AND ADAPTED FOR 35 OR 70 PATIENTS DAILY. STRONGLY BOUND IN MOROCCO, 
WITH STEEL SPRING CLASP. 


(EDITION FOR 35 PATIENTS DAILY, - - s y $1.50 
PRICE: i 6c cc 70 ‘ os 2 4 y r 9.00 


The name of the purchaser will be stamped, in gilt letters, on the tuck. 
for 10 cents extra. 
Ses ae 


Physicians who have tried this List have, as a rule, given it the preference above all others in 
the market. 

Contents.—The first 52 pages are printed matter, made up as follows: 1. A “perpetual 
almanac.” 2. A list of New Remedies, revised each year. 3. Doses for hypodermic injections, 4. 
Doses for inhalation. 5. Doses for suppositories and pessaries. 6. Classified list of the Materia 
Medica. 7. Poisons and antidotes. 8. Treatment cf asphyxia. 9. Disinfectants, ete., ete, 

104 pages are given to the “ Visiting List and Record of Accounts,” allowing one line to each 
patient, with a blank page opposite, for ‘* memoranda.” The Visiting List closes with an “Index of 
Patients.” An * Obstetric Record,” a “ Vaccination Record,” ** Record of Deaths,” ** Cash Record.” 
and pages for * Addresses and Memoranda,” follow. 

One valuable peculiarity of the "Pocket Record” is that it is go DA e year from any date 
in the year. The Visiting List portion bears no dates, and by simply XA g the month at the top of 
the page the date will always be correct. 

The binding of the Pocket Record is in strong morocco; a uFstead of a tuck (which often 
tears), it has a steel spring clasp, exceedingly convenient in nae is provided in the cover, for 
carrying prescription blanks, ete. 


SpeciaL Terms.—The Puysician’s Pockrr pees, 35 patients, will be supplied to 
all paid up subseribers to the MEDICAL axp S ef, Reporter, for one dollar ($1.00). 
Metric System.—The edition of the Px RA 
of Doses and Formule, giving in a ae ss and easily understood form the method of 


rord issued this year contains a Table 


prescribing by the metric system. 


| Q 
ANDERSONS SQUBSRPVING. PRESCRIPTION RECORDS. 


“as ys 50 Cents. 3 for $1.00. 


o———_ 


By these con? Kory Records the physician makes a copy of his prescription at the same time 
that he writes it f patient. The duplication is by means of carbon paper. All who have tried 


ghly pleased with it. The prescription is written with the ordinary lead pencil, 


the plan have be 
and the writ istelear and black, 
T} NS iption Blanks are prepared in neat packages, of 50 blanks each, and when one such 


packas NÀ i\austed it is removed from the case and another one substituted, one case thus serving 
= for an&number of prescriptions. 


> 
ao 
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THE MEDICAL REGISTER AND DIRECTORY 
OF THE UNITED STATES, 


SYSTEMATICALLY ARRANCED BY STATES. 


Comprising Names, Post-office Address, Educational and Professional Statis- 
ties, of more than 60,000 Physicians, with lists of Medical Societies, 
College=, Hospitals, and other Medical Institutions, with Abstracts of 
the Medical Laws of each State, Notes of Mineral Springs, etc. 


By SAMUEL W. BUTLER, M.D. 


Second Edition, Revised and Corrected. 


One Volume, large octavo, double columns, S74 pages. Price, Cloth. $5.50; Leather, $6.50- 


The SECOND EDITION of this important work has been prepared at great cost of time 
and money. Thelists have been carefully revised by leading medical men in each State. Nearly TEN 
THOUSAND new names have been added, and numerous corrections made. Those who have pur- 
chased the fi:st edition will find this one to possess all the value of a new work. 

This work has a national and historic value, as well as a present business one. Besides the 
names and addresses of all the physicians in the country, it contains the roster of the medical officers 
in the Army and Navy, list of the officers of state and county medical societies, a sketch of the med- 
ical geography of each state and territory, analysis of the waters of all prominent mineral springs, 
and a mass of other information interesting to the profession. The collation of the haws regulating 
the practice of medicine in the various States is a feature of special interest, and ot tobe found 


in any other publication. xS 
All who desire to reach medical men for business purposes, for matao i 


panies, Medical Colleges, Wholesale Druggists, Importers, and NA 


Insurance Com- 
of Pharmaceutical 


Specialties, Dealers in Surgical Instruments, will find this book invalu 


OPINIONS OF THE Ore 
d 


& n the other side of the Atlantic. 
S, are to be congratulated upon an 


This is the first work of the kind that has ever ap 
The Editor and compiler, Dr. S. W. Butler, and the p@pli 


undoubted success —(London) Lancet. 
Upon opening its well-filled and well-arranged p Our only surprise is that such a go-ahead 


race as our cousins have the credit of being should hay ne on so long without so valuable a book 
of reference.—(London) Medical Press and Circu 

To publishers, druggists, and those member 
wide enough to reach beyond their own immed 


(Philadelphia) Medical Times. 
Of very great value, and will be to gh hat the city directory is to the man of business, 
a book he cannot get along very well wi (Cincinnati) Lancet and Observer. 
A volume of very considerable ne ayice, the appreciation of which must grow in time, and it 


he profession whose sympathies and needs are 
-ighborhood, this book must, be invaluable.— 


should find a place in every medical li of any pretensions to completeness.— Medical and Sur- 


gical Reporter. Q 


NoricE To Puysjcyys.—aAs it is highly desirable, for the benefit of the 
profession, to havea a general list as this complete and accurate, the 
publisher earnest uests physicians in all parts of the country to notify 
him of their SR zès of location; and he also asks secretaries of all local 
societies to àrd him lists of their members, with their post-office 


a will cheerfully return the expense incurred in so doing. 


DIFFERENTIAL DIAGNOSIS; 


A MANUAL OF THE 


COMPARATIVE SEMEIOLOGY 


OF THE MORE IMPORTANT DISEASES. 


By EF. DEHAVILLAND HAL, M D 


Assistant Physician to the Westminster Hospital, London. 
American Edition, with Extensive Additions. 


One Volume, 8yo., pp. 203. Printed on handsome tinted paper; bound in English pebbled cloth, 
with beveled boards. Price $2.00. 


Dr. HAty’s work has received the highest encomiums from the English medical press, for its 
lucid arrangement, completeness and accuracy. He himself is known in London as a practitioner of 
great skill, and an unusually successful medical teacher. 

Most of the diseases which may be confounded are presented in comparative tables, setting 
forth their distinctive characteristics in the clearest possible light, and thus greatly facilitating their 
prompt diagnosis. 

The First Part contains, among other matters— 

The Symptoms of the Febrile State Defined. Comparative Table of the Temperature and 
Pulse in the Leading Febrile Diseases. Differences between Symptomatic and Essential Fever. 
Tabular Comparison of Rötheln, Scarlet Fever, Measles and Smallpox. Comparison of the Symp- 
toms of Typhoid and Typhus; of Typhoid and Malarial Fever; of Typhoid and Typho-Malarial ; 
of Typhoid Fever and the Typhoid State: of Typhoid and Relapsing Fever. Diagnosis between 
Epidemic and Sporadic Cerebro-spinal Meningitis; between Epidemic Meningitis and Typhus; 
between the same and Congestive Malarial Fever. The Signs of the Arthritic, the Scrofulous, the 
Syphilitic, and the Tubercular Dyscrasiw. Gout, Rheumatism, and their Allies. 

The Second Part includes the Diagnosis of Local Diseases: embracing, for example— 

The Differential Points between Hemorrhage, Thrombosis and Embolism in the Brain; between 
the various forms of Sclerosis, Syphilosis, Paralysis and Ataxy of the Spinal Cord ; and between 
Organic, Functional, Toxic and Hysterical Paralysis. These extremely difficult problems in diag- 
nosis are set forth with the utmost clearness. 

Neuralgia and its Counterfeits. 

Diagnostic Table of Acute, Chronic, Syphilitie and Tubercular 
‘Benign and Malignant Growths, and Neuroses of the Larynx. Distin 
Croup and Spasmodic Croup, on the one hand, and Membranous Crou 
Oatarrhal as Distinct from Parenchymatous Tonsillitis. 

Normal and Abnormal Chest Sounds (in all, eleven very car 
Hughes Bennett's General Rules for Diagnosing Heart and Liu ffections. Comparison of the 
Three Forms of Phthisis. The Diagnosis of Incipient Incite iteen different signs are given of 


gitis, Perichondritis, 
$ tween Inflammatory 
Jiphtheria, on the other. 


repared tables). Dr. John 


its very earliest stage). Diflerential Diagnosis between Inci tPhthisis and Bronchitis; between 
Acute Phthisis and Typhoid Fever; between Capillary B eatis and Pneumonia; between Pneu- 
monia and Pleurisy, etc. 

Dr. Dobell’s Aphorisms on Pain at and near thẹ 
Mitral Diseases. 

To Distinguish Acidity of the Stomach from hentation and from Hypersecretion ; Stom- 
achal Vertigo from Cerebral Vertigo; GastricQ@omffig from Cerebral Vomiting. Comparative 
Symptoms of Atonic Dyspepsia, Chronic Gast®tis, Gastric Ulcer and Gastric Cancer. Special 
Points in the Diagnosis of Gastric Cancer. Ominal Phthisis as Distinguished from Typhoid 
Fever. The Diagnosis of Hepatic Diseases. y’s Handy Tests for Bile in the Urine. What Pain 
in the Liver may Signify. What Jaundice y Signify. Hepatic Diseases Classified with Regard to 
the Size of the Liver. The Seven Formg riens Disease Compared. The Four Forms of Dia- 

O h 


ete. The Various Cardiac. Aortic and 


ibetes Compared. The Kinds of Calcu eir Tests, ete. 


OP ONS OF THE PRESS. 


The British Medica l, says: “This is not of the type of books brought out by 
* grinders.’ The tables it Qonta§ns are invaluable aids by the bedside, enabling the student and prac- 
titioner readily to compar@sighs met with in disease.” 

The North Caroma Medical Journal,says: ‘‘ The tabular method of comparing symptoms is 
well utilized. Ver? valuable diagnostic formulæ are brought together.” 

The Alanta l Journal, says: *‘The comparative symptoms are given in a very satisfac- 
tory manner. will afford valuable aid to practitioners.” 


Thi l 
The Bog dical and Surgical Journal, March 6, 1877, says: “The physical signs and 
the sympt the various affections are arranged in tabular form for convenient reference, and the 
facility tł ro ed for comparison and discrimination enables this manual to supply a want often 


experie more elaborate treatises.” 
The Orleans Medical and Surgical Journal says: ‘‘The plan of the work we regard as 
ommendable for its convenience of reference and the precision of which it is capable.” 


highly 


6 


MODERN MEDICAL THERAPEUTICS. 


‘1 vol., large Svo. 'pp. 608. 


MODERN SURGICAL THERAPEUTICS. 


1 vol., large Svo. pp. 608. 


By GEORGE H. NAPHEYS, A.M.. M.D., ete. 
Sixth Edition, 1879. Revised, Enlarged, and Carefully Edited. 


The two books are sold separately, at $4.00 im cloth, or $5.00 in full leather, 
each, sent by mai!, post-paid by the publisher. 


In these two books the author and editors have gathered the essence of the medica] literature 
of the world during the last ten years, so far as it relates to the treatment of disease by all approved 
and scientific methods. Many of the directions and formule have never been published elsewhere,. 
or are buried in periodicals. Hardly any disease of importance is omitted, and the writers have 
aimed to give fully the exact treatment and the specific therapeutical methods of the most eminent 
living physicians. The following brief analysis of the two books will prove conclusively, to every 
intelligent physician, how real and great is the value of these works, 


In both volumes the diseases are arranged alphabetically, under the proper nggoWgical classes. 
Under each its treatment is given, first, by several leading authorities of this try and Europe, 
and their differences carefully set forth; next, the treatment in several propa hospitals is re- 


corded, and any especial formule claimed, on good authority, to be of pec 
abstract or résumé is added, setting forth, alphabetically, the more imp, drugs and remedial 
measures used in the disease, their doses, indications, and most syec&ssPul combinations. Both 
external and internal remedies are included, and all such measures aths, electricity, massage, 
movement cure, mineral waters, counter-irritants, diet, inhalation Mypodermic injections, cupping, 
hydrotherapy, fumigations, heat and cold, posture, irrigation se ds poultices, liniments, gargles, 
lotions, etc., etc., are described, with their appropriate nao 


Sach book has a complete Table of Contents, er laborate indexes, one of Authors, 


fficacy ; finally, an 


a second of Remedies and Remedial Measures, and a thirtof Diseases. It has been a special aim of 
the author and editors to include all the latest approy w remedies, the most famous combina- 
tions, and, in fact, all the ‘* points” or “wrinkles” ofmod€fn therapeutics, so that with these volumes 
on his table, the practitioner in the most remote ynon, or he whose time is most over-occupied, 
can at once familiarize himself with the latest 1isitions of the therapeutical art.. 

Of the very many such *‘ points” we ey number in each book. 


In the M AL THERAPEUTICS 


The total number of authors quo is 723, and the precise formule given 1124. Without pretend- 
ing to give an exhaustive Rea mention— 
T y 


Hammond’s and Hug Jackson’s treatment of apoplexy. 
Localanæsthesia, mide ofiron in chorea. Stevens on chorea from hypermetropia. 
Brown-Sequaru’s fi æ and rules in epilepsy. Drs. Hamilton’s and Seguin’s combinations 
in epilepsy. Grift seton in epilepsy and paralysis. 

The manag oY bilious, nervous, rheumatic, congestive, hysterical and periodic head- 


aches. 
i = eningitis: Aitken, N. S. Davis, Niemeyer, Ramskill and others on; Read's 
en 


specific treatm th ergot and belladonna. 


Neuralgia : Anstie’s treatment; rules for Bartholow’s deep injections of chloroform. 
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Vivian Poore’s rules for the use of electricity in paralysis. 

Vance. ete., on writer’s cramp. Weir Mitchell on vertigo. 

Grindelia, lobelia, caffea, ete., in asthma. Formule for medicated cigarettes. 

Thirty pages are devoted to the treatment of acute and chronic bronchitis, coryza and catarrh. 

Hay asthma (rose cold) is thoroughly discussed. 

On Phthisis there are 25 pages. giving, besides the ordinary treatment from Da Costa, Williams, 
Flint, Walshe, etc., the hygienic rules of Aitken; Both’s plan of calcification of the lungs; Churchill 
on hypophosphites; Dobell’s pancreatic emulsion; Jaccoud’s arsenical treatment; Maclaren’s rules 
for sea voyaging; Yeo on antiseptic inhalations, ete. 

Pneumonia, pleurisy, emphysema, laryngitis, aphonia, hemoptysis, ete., are discussed in full. 

Under heart diseases are given Habershon’s seven rules of treatment; Durrant’s rules in incur- 
able cases; Chambers on dietetics and climates in; Da Costa, Baifour, Loomis, and others, on angina, 
hypertrophy, palpitation, irritable heart, valvular disease, etc. 

Biliary calculus (gall stones), as treated by Prof. Schiff, Dr. Octerlony, Durand’s ‘ solvent,” 
Jackson’s formula, mineral waters, etc. 

The Medical Staff, U. S. A.. on cholera. The East Indian treatment. Squibb’s, Hamlin’s, 
Ruschenberger’s etc., cholera mixtures; chlorodyne formule. 

Da Costa and Wm. Thompson on constipation. Drs. Porcher, Mettauer, Meigs and Van Buren’s 
treatment. Saccharate of lime in, ete. 

Acute and chronic diarrhea; treatment by castor oil emulsion (Dr. Young); carbolie acid (Dr. 
Kempster); bismuth (Dr. Da Costa); coto bark (Dr. Burkart); diet (Sir J. Fayrer) ; oxide of zine, 
(Prof. Gubler); salicin (Aitken). 

Dysentery as treated by enemata, position, ipecac, saline purgatives, creasote, turpentine, 
mercury, opium, etc. Maury’s cauterization plan in chronic dysentery. 

The best combinations for expelling tapeworms, seat and round worms, ete. 

Loomis’, Da Costa’s, Niemeyer’s, Sibson’s, and the Bellevue Hospital plans of diet treatment in 
Bright’s disease. 

The milk treatment, with precise directions. 

The most recent suggestions in malarial diseases; as Sir J. Fayrer and Dr. Porcher ondengue; 
Bemiss. Dowell and Fothergill on ague; Warburg’s tincture; the nitric acid bath; carbazota'e of 
ammonium; chloral; eugalyptus; grindelia squarrosa; bromohydrate of quinia; salicylate of 
quinia: formul for disguising quinia. 

Rheumatism: the salicylic acid and salicin treatment; the alkaline treatment; Chambers’ 
bedding and diet treatment; Da Costa’s plan; propylamin; baths, blisters, hot and cold packing; 
liniments, ete. 

Salicylic acid in smallpox; rules and formule for the prevention of pitting, by Barlow, Vel- 
peau, Yates, Bennett, and others. 

The antiseptic, cold bath, and dietetic treatments of typhoid, typhus and yellow fevers. 

Cholera infantum, as treated by N.S. Davis, J. Lewis Smith, Clymer, Hay. Rosse and Trous- 
seau. Barker, Beigel, Clymer, Geiger, Niemeyer. Smith, Meigs, Da Costa, ete.,on Croup. Diphtheria, 
as treated by potash and iron; carbolie and sulphurous acids; the bisulphites; chloral and salicylic 
acid; calomel; rapid cinchonism; oxalic acid; guaiacum; stimulants; inhalations; gargles for. 
Porcher’s preventive mixture ete., ete. ` 

The last chapter is devoted to the medical and hygienic treatment of alcQholism and the opium 
habit, giving numerous valuable suggestions on these subjects, almost wl neglected in works on 


practice. xO 
In the SURGICAL THE UTICS 


The number of authors quoted is 418; the number of prescriptions given 1008. Of the 
many special points given we note— x 
The prevention of inflammation by cold ; by warm i NPr ; by veratrum viride ; by limiting 
the supply of blood ; by position. i : $ 
Murchison, Fothergill, Gross and Erichsen or d 
flammation. 
General and local anæsthetics; anmwstheti 
Burow, Porcher and Wood’s open treatr 
Guerin’s raw cotton dressings: water dressings 
ings; Lister’s carbolated dressings : Spence’s 
Bartholow’s, Hyatt’s and eed Ck 


mic, asthenic and irritative types of in- 


nix s: anwsthesia of the larynx. 
at of wounds; Guamgee’s anhydrous dressings: 
Ibeau’s alcohol dressings; Hew: on’s earth dress- 
cic acid dressings; Polli’s sulphite dressings, ete. 
pipe s with erysipelas. Dr. Garretson’s specifie com- 
bination. 
Hemorrhage: Richardson’s stypt oid, styptic lint, wool, cotton and collodion. Styptie 
mixtures of Pancoast, Pagliari. Martir Methods of torsion, and pressure, and cold. i 
The immediate and later tr \O primary and secondary shock, by Brunton, Hood, Fother- 
AK a 


gill, Smith, Gross, Fuller, ma. ANY 


The use of physostigma. ¢ tropia, strychnia, ete., in tetanus. Wier Mitchell on trau- 


matic paralysis and neuralgia 


Tae latest views off®h rman surgeons, Esmarch, Stromeyer and Billroth, on gunshot 
wounds, - 
The best remedies in ophobia. Halford’s ammonia treatment of snake-bites. 


Numerous applications for burns, scalds, frost-bites, bed sores, carbuncles and boils. 

Syme’s treatnver indolent ulcers. Villate’s solution for caries, Morton’s improved treat- 
ment of spina bifid; ssage in paralysis, sprains, ete. Squire’s method with nevus. 

Miner, Vall wolles and others, on varicose veins. Various authors on caries of the teeth, 
pharyngitis anc litis. Ruppaner’s London Paste, for enlarged tonsils. 

Panco ahd Heaton’s new method for the radical cure of hernia by subeutaneous injections. 
The carb N treatment of hemorrhoids. 
£, masturbation and spermatorrhœa occupy thirty pages, a monograph in itself, full 


Im 
of sugges A 
_, Te cĦapter on lesions of the organs of special sense includes the nose, eve, ind ear, as ozana 
epist rhinitis, conjunctival diseases, iritis, styes, wounds of the eye, otorrhcea, tinnitus, ete. Í 
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Under new growths are given Mackenzie and others on goitre, and the medical and local treat- 
ment of fatty tumors, polypi, warts, corns, etc,; and twenty- four pages are devoted to cancer, giving 
Williams’ bromine treatment, the arsenical cure of Marsden and smarch, Maissoneuve’s "caustic 
arrows, Michel’s sulphuric acid paste, etc., and the famous ‘cancer salves” of Landolfi, Fell, 
Payne, Bright, ete. 

A chapter is given to the treatment of scrofula as recommended by Gross, Toland, Savory, J. 
L. Smith, Porcher, rete. , including scrofulous ophthalmia, ulcers, glandular enlargements, ete. 

The volume c'oses with chapters on the therapeutics of skin diseases, gonorrhoea and syphilis, 
in the last of which Keyes’ tonic treatment is described. The formule for gonorrhea are especially 
numerous. 

Especial pains have beén taken to give carefully the uses and indications of recently introduced 
remedies, such as chrysophanic acid, terebene, the salicylates, hamamelis, dioscorein, daturia, eser- 
in, grindelia, hydrobromie acid, etc. 


OPLNIONS SOR THE PRESS: 


From a very large number of lengthy and favorable reviews of this work we quote the following 
brief expressions :— 

Boston Journal of Chemistry. “ Contains the latest improvements in treatment.” 

New York Medical Journal. “ Of much value to the surgeon and general practitioner.” 

New York Medical Record, ‘ Invaluable to every practicing physician.” 

Buffalo Medical and Surgical Journal. ‘* Wisely made up from the best and most recent au- 
thorities.”’ 

Philadelphia Medical and Surgical Reporter. “A pre-eminently useful work.” 

Philadelphia Medical Times. "All that is in the book is good.” 

Maryland Medical Journal. "Most valuable additions to medical and surgical literature.” 

Cincinnati Medical News. ‘*It affords the reader an intelligent idea of the combining of reme- 
dies for the fulfilling of definite indications.” 

Cincinnati Lancet and Observer. “Two volumes, equally valuable to the general practi- 
tioner.” 

Cincinnati Clinic. “The thoroughness of this collection seems quite surprising.” 

Toledo Medical and Surgical Journal. ‘A work of untold value to the men of our profession.” 

Ohio Medical Recorder. “A great demand exists throughout the profession for just such 
matter.” 

Detroit Lancet. * The author has attained his aim with more than usual success.” 

Michigan Medical News. “An admirable compendium * * * an eminently practical work.” 

St. Louis Clinical Record. “A unique book; it shows vast labor on the part of the author.” 

St. Louis Medical and Surgical Journal, “A very valuable aid to practice, indeed, almost in- 
dispensable.” 

Louisville American Practitioner. * Cannot fail to help almost any practitio 

Louisville Medical News. * Itis eminently a practical work.” 

Louisville American Medical Biweekly. ‘*In no other work can the RERA earn so easi y 
the favorite medicines in treating disease, and the best methods in compound im 

Richmond, Virginia, Medical Monthly. Of the utmost practical uti A physician 
and surgeon. They are all, and more, than the editor claims for them.”’ 

Richmond and Louisville Medical Journal. “A volume very useful Pecepiaple.” 

New Orleans Medical Journal. * The work is cordially recomme t supplies a want long 
felt.” 

Pacific Medical and Surgical Journal. ‘‘Compiled with gr x stry, from all sources of ine 
formation.” oe 
The Dental Cosmos. *A valuable addition to any nwo” 


OPINIONS OF READERS. 


From many private letters, testifying to the me this work, we quote, with permission, the 
OS :— 
. J. G. Bacon, Saratoga, N.Y. * ‘NapheyPyperapeuties” is ahead of anything in the market, 
for the PORS physician.” 
Dr Ree, "Moore, Spring Valley, Minn. e ‘Therapeutics’ has proved of great practical 
value to me.” 
Dr. Eli Fox, Mohawk, N.Y. “ aS gil to prove most acceptable to the entire profession.” 


ş 


Dr. R. M. Foster, Gallatin, Tenn. unlimited value to the practitioner.” 
Dr. V. H. Harrison, Clarkton, The best work of the class I have ever seen.” 
Dr. I. F. Scott, Schoharie, }@ The books are all that could be desired.” 

Dr. O. F. Remick, Butler, cannot too highly commend these works.” 

Dr. T. H. Buecking, Quine . “Itisinvaluable.”’ 

Dr. A. Van Derver, A any. “` I have found Napheys’ ‘Therapeutics’ safe, reliable, and 
thoroughly up in modern meQ@eme. 

Dr. I. M. Bigelow, = ‘The work is most discreetly compiled, and without a peer ; it is an 
inyaluable therapeutic ¢ lor.’ 


Dr. J. C. Mans shield, Me. * I use them more than any other books in my library.” 
Dra H, -A ba Pa. ‘They are the most practical and useful books I ever met with.” 
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OFFE Nee ofiers to send either volume of the above work on receipt of the price, 
on examination ot satisfied, the purchaser has the privilege of mailing it back within twenty- 
four hours frem r8eeiving it, and the price will be refunded him. He will thus risk only the postage, 
which is i 
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CONSPECTUS OF 


ORGANIC MATERIA MEDICA 


AND 


PHARMACAL BOTANY, 


COMPRISING THE VEGETABLE AND ANIMAL DRUGS, THEIR PHYSICAI. CHARAC- 
TER, GEOGRAPHICAL ORIGIN, CLASSIFICATION, CONSTITUENTS, DOSES, 
ADULTERATIONS, &c., 


By L. E. SAYRE, Ph.G. 


1 VOL., 8VO, pp. 220. WITH FOLDING TABLES. 
PRICE, IN CLOTH, BY MAIL, POST-VPAID, $2.00. 


Plan of the Work. 


The Chart.—In the space of seventeen of the first pages is found the whole Materia Medica, 
arranged according to Natural Orders. Every drug is mentioned. Opposite the column of drugs are 
arranged, ina tabular manner, all the following points concerning it; Officinal Name, Botanical 
Name, Common Name, Habitat, Part Used, Constituents, Medical Properties, Dose, Officinal 
Preparations; making in all 10 columns, supplying the place of the cumbrous broadsides heretofore 
in use for this purpose. 


Geographical Grouping of Drugs.—This comprises three pages, giving the character- 
istic drugs derived from different sections of the world. 


Botany.—This subject is treated under the following heads: The Cell, Cell Modification, 
Tissues, Cell Development, Contents of Cells; The Stem, Subterranean Stems, Leaves. Flowers, 
Fruits and Seeds. The arrangement and display of the material are such as rather to fascinate than 
tire the student. 


Natural Orders.—This chapter opens with a general treatise upon the subject, followed by 
a tabular arrangement of the principal natural orders. The most prominent characteristics of these 
and their sub orders are brought out unencumbered with such details as a manual of botany would 
give. 


Drugs— Their Characteristics, Constituents, &c., &c.— is subject occupies the 
body of the work. In one hundred and fifty pages are embraced not qn aMAthe drugs which are 


officinal in the U. S. P., but others of any prominence, especially those ReQqnt¥W brought into favor. 
‘They are arranged according to their physical characteristics, thus#piMfving together the various 

arts of the plants, furnishing groups, as follows: Roots, Rhizomgs, ers, Bulbs, Stems, Woods. 
Parks, Leaves and Leaflets, Herbs, Flowers and Parts of Flower its and Parts of Fruits, Seeds, 
‘Cellular Drugs not easily recognized as parts of plants, Drugg @gstitute of Cellular Tissue, &c., 
closing with a chapter upon animal drugs. 


Tables.—Two tables complete the work; one of MONN and one of the Antidotes and 


Incompatibles. 
OPINIONS O PRESS. 


The Editor of the New Orleans Medical an@®&§urgical Journal says: 

“ This work is intended to present in aie sharply defined descriptions the physical char- 
ographical origin. 

n accomplishes so much in its limited space, nor pre- 


“ No work of the kind we have ev. 
sents them in a better aspect. 
* The chart of Botanic Materi commencing the work is a mine of information. 
“ The book bears the N, eat labor, and is highly recommended as presenting salient 
points of great interest. 

“The make-up of th o highly complimentary to its publisher.” 

“ This work will be Rung of especial value by the student, as well as by the practitioner, in 
times of doubt and diffignlty.”—(St. Louis) Clinical Record. 

“ In no book hÂ, ever seen sobrief and so accurate a description of the several articles of the 
materia medica. N students of this branch it will prove invaluable. Here is found only that 


which must be ered, if any intelligent idea of the subject is retained. In most text books it 
is very diffighi parate the wheat from the chaff, and valuable time is lost during the process of 
Sifting. i e volume before us all is wheat.’—(The Detroit) Lancet, Jan., 1879. 


“It very useful work.’’—( Virginia) Med. Monthly. 
y eminently acceptable work.”—(Atlanta) Medical and Surgical Journal, 


O 


10 


OPERATIVE SURCERY AND SURCI- 
CAL ANATOMY. 


By Professor Claude Bernard, 


Membre de l'Institut (Académie Frangais et Académie des Sciences), 


AND 


Ch. Huette (De Montargis). 


illustrated by 88 PLATES, Drawn from NATURE and Engraved on STEEL. 


Translated from the French, and Edited, by 


Arthur Treherne Norton. F.R.CS., 
Lecturer on Surgery, St. Mary's Hospital, London, ete. 


In One Volume, +H Pages, SS full-page Steel Plates. Price, Cloth, $5.00; Full Leather, $9.00. 


This magnificent and classical work deserves the especial attention of the American pro- 
fession. The names of the authors are a guarantee of its excellence, and it can be claimed, without 
fear of contradiction, that the artistic finish and anatomical accuracy of the plates surpass any 


others which have been placed in the market. 
The remarkably low price at which it is offered renders it the cheapest, as mÀ the most 


perfect, work on Operative Surgery ever published in this country. AS 
The highest testimonies to its value have been given by the English and rican press. 
It covers the whole domain of surgery, embracing surgical gynecolog l ES DENE ppe as well 
as all the most approved general and special operations. 
The descriptions are full, clear and accurate, and will be O > of the most satisfactory 


character to practica] surgeons. xX 

The translator, Mr. Norron, has added abundant details 0 many improvements in Opera- 
tive Surgery which have been introduced since the publicati French work, and where more 
than one operation may be performed, special reference is n 1at most approved by surgeons 
of the present day. He does not confine himself toa mer@greh@frsal of the steps of a procedure, but 


gives the surgical anatomy of the part, and the point jagnosis, describes the instruments, and 
mentions the accidents which may follow. In this ma the work is rendered a standard treatise 


of great completeness and permanent value. In “sn is a compact octavo, convenient for holding, 


and for this reason superior to the large atlases 
The general contents of the work may be keg) from the following summary :— 


Plates I-VI. Mn yery, Arteriotomy, Torsion. 


; VII-X VII. NA ns of Arteries. 
“ XVIII-XXVI -CP rticulations. 


ite XXVIILXX MV. Sn putations and Resections. 
y XXXV-XLŇLLJ Operations on the Eye and Ear. 
ts XLIVaLVII. Hareclip, Stammering, Nasal Polypi, Staphyloraphy, Ex- 


~ tirpation of Goitre, Bronchotomy, ete. 
ae I. Operations on the Abdomen, Hernia, Artificial, Anus and 
Rectal Surgery. 
SK XTI-LXXX. Operations onthe Penis, Scrotum and Bladder, Lithotomy, ete. 
ee QS Operations on the Genital Crgans of Women. 
te NS PIT, LXXXVIII. Ten: tomy, Club Foot, etc. 
( 


Each \" 1e plates contains from two to ten figures, most carefully designed and engraved. 


~~ 


+ 
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A MANUAL OF 


EXAMINATION OF THE EYES. 


A COURSE OF LECTURES DELIVERED AT THE 
“ECOLE PRATIQUE,” 


BY 


Dr. E. LANDOLT, 


DIRECTEUR-ADJOINT OF THE OPHTHALMOLOGICAL LABORATORY AT THE SORBONNE, PARIS, 
TRANSLATED BY 


SWAN M. BURNETT, M.D. 


Lecturer on Ophthalmology and Otology in the Medical Department of the University of Georgetown, and 
Ophthalmic Surgeon to the Central Dispensary, Washington, D. C. 


REVISED AND ENLARGED BY THE AUTHOR. 


1 vol. 8vo, pp. 307. With numerous illustrations and a large chart. Price, cloth, $3.00. 


This work, written by one of the most eminent of the younger European ophthalmologists, 
and translated by a distinguished specialist of this country, is a concise yet \mprehensive descrip- 
tion of the methods of examining the different parts and functions of re While full enough 
for the specialist, it will enable the general practitioner to note Tp Owdition of the organ and 


determine whether the services of an oculist are needed ornot. It i eed, especially designed to 
meet this purpose. While it is not wearisome in detail, it take e whole subject and treats it 
in a manner as thorough asit is simple. Progress is being con ly made in this branch of the 
science, and this work represents it down to the time of zojnd to) press. It takes in the whole field: 
examination of the exterior of the eye; movements of the ey cluding strabismus, determination of 
the acuteness of vision, its refraction and sn en 1 Q e perception of colors; the visual field, 


and ophthalmoscopy. 

There is a large chart appended to the vou owing the physiological and pathological 
movements of the eyes. A simple examination th chart will show at once which muscle is 
affected in a paresis affecting the eye, thus Gy ng one of the most difficult diagnoses compara- 
tively easy. 


THE ANATOMY a@utsto.ocy OF THE HUMAN EYE. 


By A. METZ, M.D., qe of Ophthalmology in Charity Hospital Medical College, Cleve- 
y 


land. 


8vo, pp. 184, with 75 cuts. Price, cloth, $2.00. 


+ 


y prepared, clear and distinct presentation of the ana- 
f, by a competent hand. 


A very c 
tomy of fl 


G NN to be of, great value to the general practitioner, as well as to the studentof oph- 
thalmology*— Boston Medical and Surgical Journal. 
‘MAn excellent text book.” —Chicago Medical Examiner. 
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Lessons in Gynecology. 


BY WM. COODELL, A.M., M.D., 
Professor of Clinical Gynecology in the University of Penna. 
With Numerous Illustrations. 


1 Vol, Svo. Price, Cloth, $3.00. 


This entirely new and complete work by this dis inguished author cannot fail to prove a 


valuable addition to gynecological literature. The following table of contents will indicate its 
scope :— 


Lesson I. Gynecological Instruments. 
3 II. Caruncle, and other Affections of the Female Urethra. 
te III. Vesical Diseases of Women. 
oh IV. Fistule of the Female Genital Organs. 
A: N paure a the Vulva for Incurable Vesico-vaginal Fistula—Tumors of the 
ulva. 
Es VI. On the Causes, Prevention, and the Cure of Lacerations of the Female 
Perineum; the Primary Operation. 
as VII. Secondary Operation for Laceration of the Female Perineum. 
VIII. Local and Constitutional Treatment for Chronic Metritis and Endometritis, 
ze IX. Retroversions and Retroflexions of the Womb. 
s X. Anteversions and Anteflexions of the Womb. 
at XI. Dilatation of Cervical Canal; Rapid Dilatation; Tents. 
a XII. On the Use of the Closed Lever Pessary, and of the Intrauterine Stem 
Pessary. 
ae XIII. Different Kinds of Pessaries; Abdominal Supporters. N 
= XIV. Prolapse of the Womb ; Prolapse from Simple De rolapse from 
Hypertrophic Elongation of the Infra-vaginal ào of Cervix. 
ze XV. Prolapse of the Womb from Hypertrophic eee f the Supra-vaginal 
Portion of the Cervix. 
se XVI. Laceration of the Cervix Uteri. 
et XVII. Cancer of the Womb. xO 
= XVIII. Vegetations of the Endometrium. 
et XIX. Polypus of the Womb. Q 
ti XX. Fibroid Tumors of the Womb. © 
Sa XXI. Treatment of Fibroid Tumors he Womb. 
s% XXII. Spaying for Fibroid Tumors, r other Diseases of the Womb. 
‘£ XXIII. Ovarian Cyst; its Diagnosis, Qu) its Treatment by Tapping, by Injections 
of Iodine, and by Drginagé. 
s XXIV. Ovariotomy by Abdomj ection 
J XXV. Vaginal Ovariotomy. fe) 
a XXVI. Nerve-tire and W My, or the Relation which the Nerves Bear to the 
Diseases n. 
s XXVII. The Preventigz yterine Disorders. 
“ XXVIII. The Sex Rel} tions as Causes of Uterine Disorders. 
These subjects are presen na novel and attractive literary form, from the riches 
of an uncommonly widg ical experience. Dr. GoopELL’s operative procedures are 


generally marked by st dx: riginality and much ingenuity; while his therapeutical plans 


are the result of very fully studied observation. As a lecturer and teacher he is well 


known to all stud@q&o¥ his specialty, and the present volume is the only one he has pub- 
lished on the syhe@el; and therefore the only source from which to. derive a knowledge of 


his ENN 
~~ 


© 
ww 


AN 
N 


13 


Hints in the Obstetric Procedure. 


By WILLIAM B. ATKINSON, M.D., 


Physician to the Department of Obstetrics and Diseases of Women, Howard Hospital, Philadelphia. 


Second Edition. Entirely Re-written and Enlarged. 


12mo, CLOTH. PRICE, $1.00. 


The very gratifying reception given this handbook of the essentials of the obstetrical art 
has led the author to submit it to a careful revision, and increase its size by adding a number of 


new topics. 
It may safely be characterized as the most convenient, compact, reliable and handy vade 


mecum on obstetrics in the language; as the following personal and editorial statements sufficiently 
attest. 


Opinions of Physicians and the Press. 


“Tt is really a‘ multum in parvo,’ and will, I am sure, be of great service to multitudes in the 
profession who have hitherto followed the routine of old traditions.”—Prof. Fordyce Barker. 

“ It is as good for the old as for the young practitioner.” —Dr. J. Marion Sims. 

“Tt abounds in extremely valuable hints, and is calculated to do much good.’’—Prof. Goodell. 

“ Founded upon the personal experience of the author, it must prove of value to the very wide 
circle of the profession who will be led to purchase it by their acquaintance with the author and his 
reputation.’’—(Philadelphia) Medical Times. 

“© Tt is a most excellent statement of the main points to be observed in the treatment of a con- 
finement case, and contains many important facts for the young accoucheur which are not to be 
found in any of the standard text books.’’—( Boston) Medical and Surgical Journal. 

“Tt is just exactly the make-up to meet the wants of the busy country doctor, who is necessa- 
rily compelled to spend much of his time away from his office.”— West Virginga Medical Student. 

«Not more than a few weeks ago, while watching the progress of a laor, we took this little 
book from our pocket and read it through and through, and, by the Way {made an immediate 
application of some of its principles. It is a perfect little gem, a go tð the student.”--The 
Nashville Medical Journal. 

“ The author has succeeded in giving to the profession a most ac ble and valuable guide.” 


—American Medical Weekly. 


IN PREPAR TON, 


BY THE mOr 10R, 


r. "l 
A 


Therapeutics of @¥necology and Obstetrics 
NZ Es es 


This work, now ina ee Nate of preparation, will be published in the early autumn. 

It will present a con sel, carefully weighed, and accurately presented review and estimate 
of the therapeutical resgarces of the gynecologist and obstetrician. 

The remarkabt ity which has characterized this specialty of late years, the numerous. 
monographs and ing devoted to it, have vastly increased its materia medica and forms of thera- 
peutics; anda ry of these discoveries and improvements cannot fail to be welcome. 

The i Plan adopted will be similar to that so deservedly popular in Napheys’ Modern 
Therape N 

r 


The recent publications of the European press, and all the special journals of both conti- 


BSN be Jaid under contribution. 
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ON COUGHS, CONSUMPTION, 


AND 


PLETTEN ee bee 


BY 


HORACE DOBELL, M.D., F.R.M.CS,, 


Consulting Physician to the Royal Hospital for Diseases of the Chest, London, etc., etc. 


8vo, Cloth. Illustrated. Tinted paper. Pages 222. Price $2.00. 


SYNOPSIS OF CONTENTS. 


This work consists of three parts. Part I treats of the Diagnosis of Bronchial and Pul- 
monary Diseases. It is divided into nine chapters, on the following subjects: I. The Systematic 
Examination of the Chest. II. The Diagnosis of Early Phthisis, III. The Value of Cavernous 
Sounds. IV. The Importance of Hæmoptysis as a Symptom. V. Winter Coughs. The Relation 
of Bronchitisand Emphysema. VI. The Diagnosis of Narrowed Air Passages. VII. Post-nasal 
Catarrh. VIII. Ear Cough. IX. The Natural Course of Neglected Cough. 

Part II, which makes the bulk of the book, is taken up with the all-important subject of the | 
treatment of pulmonary affections. It is divided into the following six chapters: I. Pathological 
Conditions in Winter Cough. II. The Early Treatment of Catarrh. III. The Avoidance of Colds. 
IV. Therapeutic Resources in Coughs. (1. Medicine Introduced by the Stomach. 2. Medicine 
Introduced by Inhalation. 3. Counter-irritants. 4. Changes of Climate.) V. The Treatment of 
Post-nasal Catarrh. VI. The Management of Consumption. 

Part III, which is the shortest. is a succinct, condensed exposition of ence es and rules 
of dietetics in disease. Its divisions are as follows: I. General Rules for Die 
for Consumptives. III. Diet for Diabetics. IV. The Use of Nutritive 
Special Recipes for Medical Food. 

As an authority on the above subjec:s, Dr. DoBELL ranks second 
experience has been immense, and the peculiarly practical tone of 


usually instructive to the practicing physician, Q 


kness, II. Diets 
ta in Disease. V. 


ne in Great Britain. His 
d renders his writings un- 


OPINIONS OF THE AMERICAN MEDICAL PRESS. 


From the (New York) Medical Record : 
The book is well printed, and contains many valuable su&gé@stions. 
From the (Virginia) Medical Monthly : 
We find in this work a greut deal to approve, andal ttle to criticise. 
From the Pacitic Medical and Surgical Journal : 
Dr. Dobell brings much new light to this iy subject. His work will be perused with great satis- 
faction. It is a very handsomely printe ay. 


From the Sanitarium : 
A good book on these subjects has a więc lication, and such is the one now before us. Dr. Dobell has 
long been known as one of the mgs Kop Nisia physicians of London. 

From the (Boston) Journal of Chemistrg : 
It would be hard to find a medi&] bgpk containing so much valuable matter in the same compass. 

From the (Charleston) Medical Journal a Review, 
The book is excellently gpt ), and of a convenient size. 

From the (St. Louis) Clinical Ree : 
The section upon dict i WZ contains many excellent suggestions, and deserves careful perusal. This is 
especially applicable t diet tables contained in the section. We consider it a very good handbook, 
well worthy of perga study 

From the (New Orleaags diéal and Surgical Journal: 
This volume, Ñi NŠ ound by the reader a very fair return for the money and time spent in its purchase 


It is seldon\we have the good fortune to get so valuable a work in such a small compass. 


and perusal. 
From the eat ical und Surgical Journal: 
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The Diseases of Live Stock 


AND THEIR MOST EFFICIENT REMEDIES, 
INCLUDING 
HORSES, CATTLE, SHEEP AND SWINE, 


Containing a description of all the usual diseases to which these animals are liable, and the 


most successful treatment of American, English and European Veterinarians. 


By LLOYD V. TELLOR, M.D. 


1 Vol., 8vo. pp. 474. Price, Cloth, $2.50. 


This work is divided into four parts, as follows :— 
PART I.---General Principles of Veterinary Medicine. 
II.—Diseases of the Horse. 
III.—Diseases of Cattle, Sheep and Swine. 
TV.—Hygiene and Medicines. 


Part I (80 pages) is concerned with the physiology of the domestic animals; the care and 
diet they require when sick; the forms and methods of administering veterinary medicines; the 
most necessary veterinary surgical instruments and operations; and the diagnosis of diseases in the 
lower animals. 


Part II (178 pages) is devoted to the diseases of the horse, ened and lamenessces, 


various forms of unsoundness, ete. 


Part III (150 pages) is occupied with diseases of cattle W, es, sheep, lambs and swine. 
The important subjects of pleuro-pneumonia, hog cholera, nge ete., are fully explained. 


Part IV is divided into three chapters; one on the hyg f the horse and of fattening ; the 
second describing the principal poisons and antidotes; the AUN one lists of the drugs, and their 
‘doses, used in veterinary materia medica. 


The author of this work is a regular physici ooh in the country has led him to 
study the diseases of domestic animals, and we N 0 it as the first and only book, by an Ameri- 
a 


ean physician, which describes, with scientific ac cy, and yetin plain language, these common and 


important maladies, ee 

The striking evidence which has ace d of late years, showing that many diseases of the 
human species are contracted from low (pas, render it the duty of every intelligent physician 
to acquaint himself, to some extent, wi ese. 

As every physician is or WY oR to become an owner of horses, and as all who practice in 
rural districts, are occasionally Na d about the diseases of domestic animals, it is most necessary 
for them to have such a book ay library; and the present is the only one ever written by a reg- 
ular American physician. 


N. B.—Thig 


physicians, exe 


book is not sold through the book trade, but, except to 
Wely by subscription. By special arrangement, physi- 


clans can KA it by mail from the present publisher, and the purchaser is 


at libe or n it and have his money refunded, if the work disappoints 
VA ided, that the book is returned the day it is received. 


+ 


AŠ 
N 


16 


A TREATISE ON HERNIA, 


With a New Process for its Radical Cure, and Original Contributions to 
Operative Surgery, and New Surgical Instruments. 


By GREENSVILLE DOWELL, M.D. 


Professor of Surgery in Texas Medical College; Late Professor of Surgery in Galveston Medical 
College; Member of the American Medical Association, ete., ete. 


One Volume, large octavo, 76 Illustrations, 6 full-page Plates. Price, Cloth, $2.00. 


ee ee = 


BY THE SAME AUTHOR. 


YELLOW FEVER AND MALARIAL DISEASES. 


Embracing a History of the Epidemics of Yellow Fever in Texas; New _Views.on its Diag- 
nosis, Treatment, Propagation and Control; Descriptions of Dengue, Malarial Fever. Jaundice, the 
Spleen and its Diseases, and Diarrhoea Hemorrhagica, 

By GREENSVILLE DOWELL, M.D. 

Cloth, 8vo, with Map and Two Chromo-lithographs. Price $2 50. 

The long experience of Dr. Dowell in the diseases of which this work treats, constitutes him one 
of the most competent living authorities on the subject. He has treated many hundred cases of 
yellow fever, and claims to be able, by the plan he lays down in detail, to reduce the moriality in 
that disease to five per cent. 


AIDS TO BOTANY. 


By C. E. A, SEMPLE, M.D 12mo, paper, pp. 56. 
One of the popular series of aid-books for students; favorites in England. 


AIDS TO ANATOMY. 


By GEORGE BROWN, M.R.C.S., L.S.A., Late Demonstrator of Anatomy at Westminster Hospital 
Medical School, ete. 12mo, pp. 64. Paper. Price 30 cents. 
A cheap, accurate and convenient summary of anatomy for students. 


THE STUDENT’S CASE BOOK. 


With hints as to case taking, as recommended by the Physicians of the London Hospitals. 


By GEORGE Brown, M.R.C.S., L.S.A., etc, Oblong 8v0, suited to carry in th ket. Blanks 
for 30 patients, 4 pages each. Neatly bound in cloth. Price 30 cents. 
The Case Book is intended to facilitate Clinical Work, and to encourage ematic method 


of case taking. Contains Practical Instructions and all necessary informatio linical work and 
Case Taking. It is prefaced by some very useful ‘‘ Hintson Case Taking,” ”s&i ated to be of great 
service to the Student or Practitioner in enabling him to keep accugh ecords of signs and 


symptoms. 
CANCER, its Classification and Medies. 
By J. W. BRIGHT, M.D. One Vol., 8 vo, pp. 191. Cloth. e%2.00. 


ous tumors. He believes he has often succeeded in curing t yifgout the use of the knife,by the 


This work is the production of a physician of very widg R ce in the treatment of cancer- 
plan and recipes he gives. em) 


The special attention of readers of tY Aàtalogue is asked to the adver- 
tisement of 


@ 
THE WEEKLY MEDICAL O SURGICAL REPORTER, 


AND =- 
THE HALE-YEARIY QQMPENDIUM OF MEDICAL SCIENCE, 
to be found on page 2. 
Any of the book this catalogue will be sent, postage prepaid, on re- 
ceipt of the rie , by the publisher. 
\S DG BRENTON: 


S 115 South Seventh St., Philadelphia. 
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A—ANATOMY AND PHYSIOLOGY. 


The centre of rotation of the EMMETROPIC eye is situated 13.45 millimeters behind the ; | Torsion is the rotation of the eye around the line of fixation. It is characterized by an 
cornea, and 9.99 millimeters in front of-the posterior surface of the sclerotic. | inclination of the vertical meridian. 
In AXIAL MYOPIA (?) it divides the axis of The FIELD OF FIXATION comprises all the | 
the eye into two parts, which bear the relation to i EE — points to which the two eyes can be directed to- 
| each other of 1 : 1.3. = >: N rare gether, the head being immovable. 
In AXIAL HYPERMETROPIA (’) this relation. is ff ; 


1:1.5, so that the centre of rotation of the hy- SR a T Se 


ermetropic eye is situated, relatively, farther baci : Mie z | 
p P De H To a determined position of the line of fixa- | 


than in the myopic or emmetropic eye. yai 5 
he Ee. Dos tion in relation to the head, corresponds a deter- | 
ONDERS. \ | 
BIA ee VAY AN ' : IAS mined and invariable value of the angle of torsion. | 
The LINE OF FIXATION is the straight line Yi eee AN ANN N 7 ANN yy Ss | 
NMA iiA NA \ Ha NX ha W | : HELMHOLTZ, 


Opt. Phys. p. 602. 


which passes from the point of fixation through the 


centre of rotation of the eye (aa, fig.) 


. 
/ 


The PRIMARY POSITION is that position in 


. Š sie . : a THE LAW OF LISTING: 
which there is a minimum innervation of the mus- 


cles: the head is held upright, the two lines of When the line of fixation passes from the pri- 


, ; : mary to any other position, the angle of torsion of 
fixation are on the same horizontal plane, and di- S A positron, gle of 


é xs e in thi sition, is the same as if 
rected parallel to each other straight in front. the eye, is second position, 


the eye had come into it by turning around a 


EXPLANATION OF FIGURE. fixed axis, perpendicular to the first and second 
: } The upper wall of the orbit, and the m. rect. sup. and inf. of the right eye are removed. slÑons of the line of fixation 
it undergoes no torsion movement. aa. Line of fixation. 
d'd. Axis of rotation of the sup. and inf. recti muscles. 
E a AEA SEES DAN cus. be Sr ; } P : pm hea HELMHOLTZ, 
oo. Axis of rotation of the sup. and inf. oblique. 


(1) Landolt, Ann. d’Oculist. I. 1874, page 6. (These lines cross at the centre of rotation of the eye.) Opt. Phys. p. 606. 


When the eye deviates from this primary posi- 


tion, by a movement either ascensional or lateral, 


ly placed on each side of the raphé. 
tle above the base of the valve of Vieussens. 


symmetrical nuclei which appear to be common to it and the facial. 


| PHYSIOLOGICAL ACTION TORSION | 
MUSCLE DIRECTION SERTION | AXIS OF ROTATION [oN THE DIRECTION OF|AROUND THE LINE OF | 


THE CORNEA FIXATION aa 


| 


EE ees 


Outward. Nil. 


I1 —~ ab R te eee § Vertical. 


1 


| EXTERNAL RECTUS. |Optic foramen. Forward and outward. | he corneal margin. 
3 


INTERNAL RECTUS. (Optic foramen. Directly in front illim. from the corneal margin. Inward. Nil. 


Superior extremity of 

SUPERIOR RECTUS. (Optic foramen. Slightly outward. 8 millim. from the corneal margin. ‘Upward and inward. vertical meridian 
| Horizontal, dd, its in- | | | inward. 

+ ner end forming an 


Pa To a AE A 
angle of 67° with the | | | 


| i| line of fixation. | ‘Superior extremity of |. 
INFERIOR RECTUS. Optic foramen. Slig! ® ward. Downward and inward.| vertical meridian 


~ outward. 


U the upper part of the 


inner orbital wall, between! 


; int. rect., to pass E AE ; | 
peu and ae We 16 to 18 millim. from the edge of the cornea, Downward and out-|Superior extremity of 


SUPERIOR OBLIQUE. eranen. | through a pulley and run ; ; 
| © ee behind the superior rectus. | ward. the vertical meri- 


| 


backward under the sup. rect. Horizontal, 00, its outer 
and be inserted on the poste- i| end forming an an- 
rior and outer part of the ball. l į gle of 38° with the 
line of fixation. 


dian inward. 


nterior and inner part| Backward and outward, between|The posterior, superior and outer part of thel Superior extremity of 

of the inferior wall] the globe and the inferior rec-| globe. 17 to 19 millim. from the corneal, Upward and outward. the vertical meri- 

of the orbit. | tus; afterward upward tothe} margin. | dian outward. 
temporal side. | 


Carl F. Shepard Memorial Library , 
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B—PARALYSIS OF THE MUSCLES OF THE EYE ivan m ome 


CG be DERRRAC CA WS: 


I. In incomplete paralysis the deviation of the healthy eye, when the affected eye fixes, is greater than that of the affected eye during the fixation of the healthy eye. 

II. The restriction in motion and the diplopia increases in the direction of the action of the paralyzed muscle. For this reason, in carrying the object of fixation in the direction of the paralyzed 
muscle, the image of the deviating eye appears to fly before that of the sound eye, and vice versa. 

III. The image which the deviating eye receives is always projected in the direction of the paralyzed muscle ; and hence— 

a. The image of the affected eye is always found to the side opposite to the deviating cornea, or inclined in the direction opposed to the pathological inclination of the vertical meridian. 


b. In fixing with the deviating eye alone, the patient falsely estimates the position of objects and refers them farther to the affected side. 


| 


DIRECTION 
| DIRECTION DIRECTION 
RESTRICTED | | OF THE 


MUSCLE OFTHE | DIPLOPIA PDA E OF | REMARKS 


MOVEMENT. WHEN THE 
AFFECTED EYE AFFECTZD EYE THE FACE 


FIXES 


| 


| 
Se Sr ee | UD PLL IS It TIED BEE Ee SIRT LS SORES. SASS SOT ETE EO EER SS Ee (ESET ae ro eS Sy, 
| 


EXTERNAL  |Outward. Inward. Diplopia homonymous. Inward. ‘Turned on the) Every pathological convergence is more mani- 
E ; : : : . |fest in looking downward. 
RECTUS. No inclination of | Double images are of the same height and parallel. | | vertical<a xis) i pg hia ase hee 
| Every pathological divergence is more pro- 


| the vertical me-| The distance between them increases toward the affected side. | to) the ysides ole inced in looking upward: 


ridian. The line of demarcation which separates the part of the field of fixa- _ the affected 
.. naving single vision from the part having double images, is slightly | eye. | 
inclined upwird on the affected side, downward on the healthy side. | 


For Explanation see Remarks. 


INTERNAL  |Inward. Outward. | Crossed diplopia. Outward, ‘Turned around, 

RECTUS. Double images parallel and of the same height. the vertical! 
axis to the side, 
side, and in lcoking upward. of the affected! 


In looking upward and to the healthy side the image of the affected eye is lower and muscle. 


inclined inward. 
In looking toward the healthy side and downward it is higher and inclined outward. 


| The line of demarcation is oblique to the vertical, its upper extremity 
lis inclined toward the healthy side (See Remarks on Paralysis of 
| Ext. Rect.). 


Superior |Upward an d Downward. | Diplopia in the upper part of the field of fixation. \Upward. Directed upward) In looking strongly upward, the upper lid 


: . AS i of the affected eye is slightly elevated. 
TOTUS slightly inward. Downward and| Double imayes superposed and slightly crossed. ted eye is slightl) 
RECTUS. S W Pp BaT | | The vertical deviation of the eye, produced 


outward in| The image - If the affected eye 1s higher. | | by the paralysis of a superior or inferior REC- 

looking up. Its upper erd inclined to the healthy side. ‘Tus is especially manifest in ABDUCTION of 

The difference in height increases in looking upward (and outward). the eye. 

The horizontal distance diminishes toward tke two sides. | The vertical deviation caused by a paralysis 
ge es ; : ; lof one of the OBLIQUES is most marked in AD- 

The obliquity increases in looking to the healthy side. 


DUCTION. 
The line of demarcation is inclined to the horizontal, its end corres- 
ponding to the affected eye being lower. XO 


Z m menma u nuo y 


INFERIOR Downward. Upward and out-| Diplopia especially in the lower part of the field of fixation. Qi down- See Remarks on the Paralysis of the Rectus 
RECTUS. ward. Double images superposed and slightly crossed. d. ward and a/Supertor. 


The image cf the affected eye lower, and inclined to the affected side. little to the 
The differenze in height increases in looking downward, and to the side of the af- 
affected side. fected eye. 
The horizon al distance diminishes toward the two sides. 
The obliquity increases in looking toward the healthy side. 
The line of demarcation is a little inclined to the hor 
corresponding io the affected side being higher. 
The image of the affected eye appears nearer thgam the 


SUPERIOR |Downward and/Upward and in-| The diplopia present only in the lower portig E cMield of fixation. Downward and|Inclined down-| The restricted upward or downward move- 
OBLIQUE. outward. | ward. The double insages are superposed and homogmgfs. inward, Ward. and ne coms etn? ea by a parn iyos oone 
T A eani oy) | The i haafi at Lined d T} health sade of the obliques, is always accompanied by a 
a Niner 4 i 9 3 5 s 
n complete på- 1 he vertica me e image o e BEC ea eye 18 lowe ae aes WE : Le movement eaitay SIde. convergence, in consequence of the isolated ac- 
ralysis of the ridicm is in-| The difference in height of the dou ges increases in looking] of correction|To avoid the in-ltion of the recti, while we find a divergence in 
sup. oblique the; cline 1 outward,|\downward and toward the healthyg becomes espe-| clination of |paralysis of the recti. 


movement of b ETSO more | Aa cially mani-| the head, the| The inclination of the double images is in 
3 the opposite sense. 


a a ata! pat ry Í MRA Ta Aa) PEPEN 2 7; % a c 2 7 JY R f Ox Š ; : ‘ 
rotation down-| Mai22 Jes 2 ni inc atrai separation dim Jest wm ooking patint some-| In oi a of ive ogs o a a d 
ward is also di-| looking down-| The image of the a toward the| times place sition increases to the nasal, the obliquity to the 
minished. ward and out-| The line of demarcati®qiNglightly oblique to the horizontal, the end] healthy side. the object of |\temporal side. The reverse obtains in para- 


ward. corresponding to A): side being lower. fixation up-|lysis of the recti. 


ward and out- See Remarks on the Paralysis of Rect. Sup. 


ward. 


INFERIOR Upward and out-|Downward and! Dipa only in the upper part of the field of fixation. Upward ənd in-|Directed upward| The maximum of elevation and the interme- 
OBLIQUE. ward. inward. | e Je images are superposed and slightly homonymous. ward. and slightly diate directions are obtained by the combined 
ones a ees action of the sup. rect. and rect. ext. 
Ge of the affected eye is higher and inclined outward. toward the 
ifference in height increases in looking upward and inward. sound side. 
e horizontal distance between the double images increases in look- 
+ O: upward ana outward. 
YS The obliquity increases in looking to the affected side. 
The line of demarcation is inclined to the horizontal, the end corres- 
ponding to the affected side being the higher. 


MOTOR OCULI : itward. | Crossed diplopia. Outward. Inclined toward The affected eye is slightly prominent. 
COMMUNIS. mwa | The image of the affected eye a little higher than that of the sound the sound side) Falling.of gppet Ne: 
leye. andes slightly a E x elevated more easily when the sound eye is 

irections. Its upper extremity inclined to the affected side, and appears nearer elevated. The pupil moderately dilated and immov- 
to the patient. able. ; 

The lateral distance between the double images increases in looking Paralysis of accommodation. 
to the sound side. 

The difference in height and the obliquity increase in looking upward. 
They diminish especially in looking downward and to the affected side. 
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